A comparison of the Subjective Workload Assessment Technique (SWAT) and the NASA-Task Load Index (TLX) under immediate and delayed rating conditions by Gandy, Robyn Anne
A Comparison of the Subjective Workload Assessment 
Technique (SWAT) and the NASA-Task Load Index
(TLX) Under Immediate and Delayed 
Rating Conditions/
By
Robyn Anne Gandy
Thesis
Submitted to
The Graduate School of Arts and Sciences 
in Partial Fulfillment of the Requirement For
the Degree of
Master of Arts in Psychology
The University of Dayton 
July 1991
UNIVERSITY OF DAYTON ROESCH LIBRARY
APPROVED BY:
CONCURRENCE:
92 04711
F. Thomas Eggemeier, Ph.D. 
Chairperson, Thesis Committee
David W/ Biers, Ph.D.
Thesis Committee Member
William F. Moroney, Ph.D. 
Thesis Committee Member
Kenneth Kuntz Prof.
Chairperson, Department ot Psychology
ii
ABSTRACT
A COMPARISON OF THE SUBJECTIVE WORKLOAD ASSESSMENT TECHNIQUE 
(SWAT) AND THE NASA-TASK LOAD INDEX (TLX) UNDER IMMEDIATE 
AND DELAYED RATING CONDITIONS
Gandy, Robyn Anne
University of Dayton, 1991
Advisor: Dr. F. Thomas Eggemeier
When practical constraints in operational and 
laboratory environments require a delay between the 
performance of a task and its workload evaluation, the 
accuracy of the subjective ratings could be questioned. 
Despite its potential importance, little information exists 
which addresses the relationship between delay intervals and 
the sensitivity of the Subjective Workload Assessment 
Technique (SWAT) and the NASA-Task Load Index (TLX) ratings
to variations in task demands.
Twenty four undergraduate psychology students performed 
a Sternberg memory search task at three levels of 
difficulty, followed by immediate or delayed workload 
ratings. One half of the subjects reported workload using 
SWAT while the other half used TLX. The delay period was 15 
minutes, during which an intervening task was performed.
For the Sternberg task, both accuracy and reaction
iii
times were found to differ significantly as a function of 
memory set size, thus confirming the presence of three 
distinct levels of workload in the task. The SWAT technique
was sensitive tc differences in workload at all three
levels, while TLX was not able to discriminate between the 
two lowest levels of difficulty. Neither the SWAT nor TLX 
ratings differed significantly as a function delay. SWAT
was rated as somewhat more difficult than TLX to use at the 
scale development phase. However, ease-of-use ratings 
associated with the two techniques did not differ at the 
scale use phase.
The sensitivity and ease-of-use results suggest 
possible trade-offs in the selection of a subjective rating 
measurement technique. These trade-offs may be associated 
with the type of task to be rated and its demand levels, as 
well as with the environment in which the task is to be
performed.
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CHAPTER I
INTRODUCTION
The growing complexity of systems has increased the 
importance of assessing mental workload when evaluating 
human-machine system designs. Measures of mental workload 
can be utilized by human factors practitioners to recommend 
that one system design is more suitable than another. In 
such cases workload assessment can be an important factor in 
choosing between alternative system designs.
Although researchers have debated the definition of 
mental workload, a consensus has not been reached (Moray, 
1979). As a result of this search for a single definition, 
the only general agreement reached by researchers indicates 
that workload is a construct consisting of many dimensions. 
These include such factors as operator personality, task 
characteristics, physiological or psychological parameters, 
and such variables as environmental or social pressure, 
operator motivation, and expectations (Moray, 1982). This 
multidimensionality has led to the development of a large
1
2number of different measures that reflect various
physiological, subjective and performance-based aspects of 
workload (e.g., Hancock, Meshkati, and Robinson, 1985; 
Lysaght, Hill, Dick, Plamondon, Linton, Wierwille, Zaklad, 
Bittner, and Wherry, 1989; Moray, 1989; O ’Donnell and 
Eggemeier, 1986; Wierwille, 1979; Williges and Wierwille, 
1979; Wilson and O ’Donnell, 1988).
The large number of measures of workload that are 
available to the researcher or practitioner poses the 
problem of which assessment technique to apply in a 
particular situation. The next section reviews several 
criteria that are applicable in the choice of a workload 
measurement technique.
Workload Technique Selection Criteria
There are several factors to consider when determining 
which workload technique is most appropriate for a given 
application. These factors include: sensitivity, 
diagnosticity, intrusiveness, ease of implementation, and 
operator acceptance (O’Donnell and Eggemeier, 1986).
Sensitivity refers to the ability of a workload 
technique to reflect variations in workload imposed by a 
task or design option (O'Donnell and Eggemeier, 1986). A 
second important criterion in choosing a workload measure is 
diagnosticity ( Shingledecker, 1983; Wickens, 1981; Wickens 
and Derrick, 1981). Diagnosticity, based on the multiple 
resource theory, is defined as the ability of a technique to
distinguish the load imposed on particular information 
processing capacities or resources (e.g., motor output, 
perceptual/central processing).
There are several other criteria that are suggested by 
practical constraints imposed on the use of various 
techniques. The characteristic of intrusiveness is one such
criterion. Intrusiveness refers to the amount of
degradation the use of a given measure causes on primary 
task performance. Implementation requirements constitute 
another criterion. Implementation requirements include 
training, but also equipment or instrumentation needed to 
use the technique. Finally, the characteristic of operator 
acceptance is important to ensure that an assessment 
technique will yield data that are representative of the 
load imposed by a task. Assessment procedures that are 
perceived by an operator to be artificial or invasive may be 
performed at a substandard level, r ignored completely.
Classes of Workload Assessment Techniques
The methods currently used to assess levels of operator 
workload (O’Donnell and Eggemeier, 1986; Williges and 
Wierwille, 1979) fall into three categories: physiological 
measures; performance-based measures; and subjective
measures.
Physiological Techniques. Physiological techniques 
have been used to measure workload (O’Donnell and Eggemeier, 
1986; Wierwille, 1979) by deriving an index of workload from
3
4the operator's physiological response to task demand. 
Examples of this category of measures include: cardiac 
measures (e.g., heart rate and heart rate variability); eye 
function measures (e.g., eye blink rate, eye movements, and 
pupillary responses); and measures of brain function such as 
the electroencephalogram (EEG) (O'Donnell and Eggemeier, 
1986; Wilson and O'Donnell, 1988). Extensive research has 
been conducted to examine the sensitivity of various 
physiological measure to different types and levels of 
loading. Physiological techniques vary in their degree of 
diagnosticity and applicability. As noted above, 
diagnosticity refers to the capability of a given technique 
to distinguish between the levels of load imposed on a given 
information processing resource (e.g., perceptual, motor 
output, central processing). Hancock, Meshkati, and 
Robertson (1985) discussed the major factors to take into 
consideration when determining which physiological measures 
are best for a given situation. They pointed out that 
physiological methods of measuring mental workload vary 
along two primary dimensions, a practicality/impracticality 
scale and a scale dealing with the spatial and systematic 
congruence of the measures with respect to the central 
nervous system. Spatial congruence is defined as the 
distance from the proposed site of mental activity.
Therefore, measures of oculomotor response are often 
selected to measure central nervous system responses, while
5measures such as galvanic skin response are farther away 
from the central nervous system, and thus, are ranked 
somewhat lower on this scale. Systematic congruence refers 
to the type of interconnection of the physiological function 
with the central nervous system. Measures of evoked 
cortical potential rate are rated high on this scale, while 
measures of alternate functions, for example cardiovascular 
activity, are ranked lower. Major problems associated with 
physiological techniques are the need for extensive 
specialized equipment to obtain the measures, and training 
required by a researcher to administer these techniques 
(Wierwille, 1979). Analysis is often difficult and time 
consuming.
Performance-Based Techniques. The second major class 
of workload assessment techniques is performance-based 
measures. Performance-based measures fall into two
categories: primary task measures and secondary task
measures. Primary task measures assess workload by
examining some aspect of performance on a task of interest 
and are based on the assumption that performance is a 
function of workload (O'Donnell and Eggemeier, 1986). The 
basic assumption of primary task measures is that as 
workload increases, the operator will become overloaded and 
lower performance will result. Primary task measures are 
situation specific, and therefore, limited in their 
generalizabi1ity.
6Primary task measures are not considered to be 
diagnostic because they are sensitive to overloads on any of 
the information processing resources utilized during task 
performance. Primary task measures can be less sensitive 
than subjective ratings (e.g., Eggemeier, Crabtree, and 
LaPointe, 1983) or secondary task measures (e.g., Schifflet, 
Linton, and Spicuzza, 1982) to workload variations at lower 
levels of demand. Primary task measures are classified as 
non-intrusive since they are based on some aspect of the 
primary task itself. Also, utilization of primary task 
measures involves use of data collection equipment. This 
can be a problem in some operational environments (e.g., 
airplane cockpits) and may necessitate that the measures be 
utilized in simulators.
The second major class of performance based measures is 
the secondary task paradigm (Knowles, 1963; Ogden, Levine, 
and Eisner, 1979; Rolfe, 1971; Williges and Wierwille,
1979). Secondary task methodology has been frequently used 
as a way to measure spare processing capacity (Williges and 
Wierwille, 1979). Spare mental capacity is the difference 
between capacity required to perform the task and the total 
capacity of the human information processing system. The 
secondary task method requires simultaneous performance of 
two tasks (Wickens, 1984). One task is referred to as the 
primary task and the other as the secondary task. The 
secondary task paradigm is based on the assumption that
human information processing capability is finite (Ogden et 
al., 1979; O'Donnell and Eggemeier, 1986).
Knowles (1963) defined two major categories of 
secondary task methodologies that differed according to the 
emphasis placed on either primary or secondary task 
performance. These categories are: (1) the loading task 
paradigm and (2) the subsidiary task paradigm. In the 
loading task paradigm, the subject is instructed to maintain 
secondary task performance, even if decrements in primary 
task performance result. This paradigm assumes that the 
additional load created by the secondary task will result in 
an overload manifested as a breakdown in primary task 
performance. The subsidiary secondary task paradigm 
requires that the secondary task be assigned a lower 
priority than the primary task. If the primary task uses 
little of the total capacity, then performance on the 
secondary task should be high since the operator has a large 
spare capacity. Therefore, if performance on the secondary 
task is low, then the operator is using almost all of 
his/her capacity to maintain performance on the primary task 
and has very little spare capacity for the secondary task. 
The workload of individual primary tasks can be compared in 
terms of performance with a common secondary task (Knowles, 
1963; Williges and Wierwille, 1979). The subsidiary task 
paradigm is the most frequently used secondary task
technique. Secondary task measures can provide good indices
7
8of spare capacity, but careful selection of a secondary task 
is crucial. There does not appear to be any secondary task 
technique which can be universally used in all situations 
(Mickens, 1984).
One theoretical position is that for a secondary task 
to effectively measure workload, both primary and secondary 
tasks must draw from the same information processing 
resources (Gopher and Donchin, 1986). In order to determine 
which secondary task technique should be employed, one must 
determine what type of load is being placed on the
information processing system by the primary task. Type of 
load may be defined according to Mickens' (1984) multiple 
resource model. Three dichotomous dimensions are defined.
There are two stage-defined resources (early versus late 
processes), two modality defined resources (auditory versus 
visual encoding), and two resources defined by processing 
codes (spatial versus verbal). To the extent that any two 
tasks demand common resources, three phenomena will occur:
(1) time sharing will be more difficult, (2) changes in the 
difficulty of one task will be likely to influence
performance of the other, (3) resources withdrawn from one
task can be used to benefit the other.
Secondary tasks are diagnostic because they can be 
sensitive to specific types of loading (Mickens, 1984). 
However, secondary tasks have been known to cause primary 
task intrusion (O'Donnell and Eggemeier, 1986; Ogden et al . ,
91979; Rolfe, 1971). An additional task can cause
degradations in performance of the primary task, even when 
the operators are instructed to maintain their primary 
performance. Implementation of a secondary task is 
sometimes difficult because special or additional equipment 
is generally required for performance of the task and data 
collection.
Subjective Techniques. The third major category of 
workload assessment technique is subjective measures. 
Subjective measures are judgments of effort or capacity 
expenditure associated with task performance that are 
reported by the operator. Subjective rating techniques are 
the most common method employed to measure operator workload 
(Eggemeier et al., 1983).
There are several practical reasons for the widespread 
application of subjective workload measures. Subjective 
measures have a high face validity. The instrumentation 
necessary for data collection is minimal. Subjective 
opinions usually make use of paper and pencil instruments 
for data recording. Also, subjective measures appear to be 
relatively non-intrusive (O'Donnell and Eggemeier, 1986). A
non-intrusive measure is one that does not cause unintended
degradations in primary task performance. An intrusive 
measure manifests serious problems related to the 
interpretation of results obtained with an assessment
procedure and to the application of such techniques to
10
operational environments (Eggemeier, 1988).
The problem with many early applications of subjective 
rating techniques is that individual techniques were 
developed as situation-specific measurement tools with no 
validity or reliability data to support their use. Since 
1981, a number of rating scale techniques that are intended 
for general application have been developed.
Three such techniques are the Subjective Workload 
Assessment Technique (SWAT) (Reid, Shingledecker, and 
Eggemeier, 1981; Reid and Nygren, 1988); the NASA-Task Load 
Index (TLX) (Hart and Staveland, 1988); and the Modified 
Cooper-Harper (MCH) Scale (Wierwille and Casali, 1983).
This study was designed to examine the effects of delayed 
reporting of workload ratings on two of these scales, SWAT
and TLX.
The Subjective Workload Assessment Technique 
SWAT is a multi-dimensional measurement technique that
is based on the assumption that subjective workload is 
defined as being composed of three basic dimensions: (1) 
time load, which refers to how much time is available for an 
operator to perform a given task; (2) mental effort load, 
which refers to the amount of attentional capacity or effort 
that is required without regard to the time available: and 
(3) psychological stress load which refers to anxiety and a
number of other factors that can be associated with task
performance (Reid et al., 1981). These dimensions were
11
adapted from categories defined in an article by Sheridan 
and Simpson (1979). This technique requires individuals to 
segment their experiences and evaluate different aspects of 
workload individually. The SWAT technique is based on the 
assumption that subjective experiences of time, effort, and 
stress will reflect changes in workload that will be 
reported in the ratings. Each of the three dimensions is 
represented by an individual three point rating scale with 
verbal descriptions that outline the levels of each 
dimension. By rating each dimension, an operator can 
conveniently describe his/her subjective workload. SWAT is 
unique because it was developed to make use of conjoint 
measurement and scaling (Reid et al., 1981, Reid and Nygren, 
1988). In conjoint measurement, the perceived joint effect 
of the three dimensions of workload are tested against a 
series of mathematical axioms (independence, joint
independence, and double cancellation) to identify the rule 
that can be used to combine ratings on the three dimensions
into one overall workload scale. Several combinations
[additive (a+b+c), multiplicative (abc), distributive 
(a(b+c), and dual distributive (ab+c)] may be used to define 
the rules employed by the subjects to combine the dimensions 
(Krantz and Tversky, 1971). A simple additive rule has 
usually been sufficient to describe the data obtained in 
SWAT (Reid and Nygren, 1988). An advantage of conjoint 
measurement and associated scaling procedures is that only
12
ordinal rating data are required for the production of one 
overall workload scale with interval properties (Reid and 
Nygren, 1988).
In order to identify the appropriate rule for 
combining the three dimensions into one overall interval 
scale, a scale development phase is required. During the 
scale development phase, subjects rank order twenty-seven 
cards, each of which represents a unique combination of the
three levels of load for each of the three workload
dimensions. This ranking is completed on the basis of the 
overall level of workload imposed by each combination. The 
subjects are instructed to base their rankings on their 
general experience and not on any specific task or event 
(Reid, et al., 1981). The combination that describes the 
subject's opinion of lowest workload is ranked "1", and the 
second "2", until the highest workload combination is ranked 
27th. A Kendall's Coefficient of Concordance is computed on 
the card sort results from a group of subjects in order to 
determine if a single overall workload scale can be 
developed for that group of subjects. If the Kendall's 
Coefficient of Concordance is .75 or higher, then an overall 
scale can be developed (Reid, Potter, and Bressler, 1989).
If the Rendell's Coefficient of Concordance is below 
.75, then a SWAT prototyping procedure is performed on the 
card sort information. In this procedure, each individual 
card sort is weighted according to the prototype model it
13
most closely resembles. There are six basic models which 
reflect combinations of the time (T), effort (E), and stress 
(S) dimensions. These models are TSE, TES, ETS, EST, STE, 
and SET. The first letter in the set of three is the most
important dimension. For example, the SET prototype model,
indicates that the stress load dimension is the most
important dimension in the subject’s overall workload scale, 
the effort dimension is second in importance and the time 
dimension is of least importance. The subject’s weighted 
card sorts are grouped so that homogenous subgroups are
formulated. The Kendall's Coefficient of concordance is
then reapplied. This process generally leads to a Kendall’s 
coefficient that is high enough (.75) to indicate that the 
subgroup's overall workload scale is appropriate to describe 
their collective perceptions of workload (Reid and Nygren, 
1988; Reid, et al., 1989).
Once it has been determined that an overall workload 
scale can be generated, then the rank orderings are 
subjected to a series of axiom tests to identify the rule 
which represents the way in which subjects combined the
three dimensions.
Conjoint scaling sustains the ordering of the original 
card sorts, combines the levels of dimensions in a manner 
that is consistent with the model, and assigns a value to 
each level of each dimension to permit combining them into
an overall workload scale with interval properties. This
conjoint scaling procedure used in the SWAT program
transforms the lowest combination into a value of 0.00 and
the highest combination into a value of 100.00. The other 
twenty-five combination values are located between these 
extremes. The scale values that are obtained for the twenty
seven combinations are then transformed to a table which can
be used to look up the three point SWAT rating to determine 
its overall workload value (Reid and Nygren, 1988).
During the second or event scoring phase of SWAT, 
subjects perform the task of interest and then provide a 
workload rating on the three-point scales of time, effort, 
and stress (Reid et al., 1981).
The sensitivity of SWAT to variations in task 
difficulty has been supported in a large number of studies 
(see Reid and Nygren, 1988 for a recent review). These 
studies involved task loading in high fidelity flight 
simulations, laboratory studies, and some operational
environments.
For example, Shingledecker and Crabtree (1982) 
conducted a dual-task experiment combining a tracking task 
with a communication task. The tracking task consisted of 
two difficulty levels and the communications task involved 
eight discrete levels. Tracking was the primary task while 
communications served as the secondary task. The
communications tasks were selected because they covered a
14
wide spectrum of workload levels. The degree of agreement
between the SWAT measure and the secondary task measure of 
workload provided by the communications tasks was examined. 
The measures were significantly correlated (r=.78), and both 
measures were sensitive to workload on the primary task.
The data from this study demonstrated that SWAT measures
were sensitive to differences in workload on tasks in which
other workload measures also indicated the presence of
differences.
Eggemeier, et al., (1983) conducted another study that 
demonstrated the sensitivity of SWAT to variations in demand 
in a verbal memory task. SWAT proved sensitive to
manipulations involving the number of categories of
information that were to be retained, and also was sensitive 
to the rate of stimulus presentation in the memory task. 
Eggemeier and Stadler (1984) conducted a subsequent study 
examining a spatial short-term memory task with varying 
levels of difficulty. SWAT ratings proved sensitive to 
difficulty manipulations involving retention intervals and 
the complexity of spatial patterns that were to be retained. 
SWAT was more sensitive than the two primary task measures 
(memory task errors and reaction times). These results
indicate that SWAT was also sensitive to demand
manipulations in spatial short-term memory.
In addition to these and other laboratory 
investigations, more recent work has been done in a variety 
of simulation and operational environments. These more
15
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recent studies have continued to demonstrate the sensitivity 
of SWAT to a variety of demand manipulations in different 
environments [see Reid and Nygren (1988) for a review].
NASA-Task Load Index
The NASA TLX was developed by the NASA-Ames Research 
Center as a modification of the NASA-Bipolar Rating scale 
(Hart and Staveland, 1988). TLX is a multi-dimensional 
rating procedure that provides an overall workload score 
based on a weighted average of ratings on six sub-scales. 
NASA-Bipolar, an early version of the scale, had nine sub­
scales. NASA-Bipolar was designed to reduce between-subject 
variability by using the a priori workload definitions of 
subjects to weight and average sub-scales. NASA-Bipolar was 
very successful in reducing between-subject variability, and 
was diagnostic in detecting magnitude of different sources 
of load from sub-scale ratings (NASA Task Load Index: Paper 
and Pencil Version, 1986). However, its sensitivity to 
experimental manipulations was not as high as expected. In 
addition, the nine sub-scales were determined to be too many 
and made the scale impractical for use in an operational or 
simulation environment. Also, several of the sub-scales 
were found to be irrelevant for measuring workload. For 
these reasons, TLX was developed.
TLX has six workload dimensions: mental demand; 
physical demand; temporal demand; performance; effort; and 
frustration (Hart and Staveland, 1988). Three dimensions
17
relate to the demands imposed on the subject (mental, 
physical, and temporal demands) and three to the interaction 
of a subject with the task (effort, frustration, and 
performance) (NASA Task Load Index: Paper and Pencil 
Version, 1986).
The administration of TLX is a two-step procedure. One 
step involves evaluating the contribution of each dimension 
(its weight) to the workload on a given task by each rater. 
The weights obtained account for two possible sources of 
between-subject variability: differences in workload 
definition between raters within a task, and differences in 
the sources of workload between tasks. Finally, the weights 
themselves can provide diagnostic information about the type 
of workload imposed by the task (Hart and Staveland, 1988).
The operators are given a pair-wise comparison task 
involving the six dimensions and asked to select which 
dimension (e.g., effort vs mental demand) was more important 
to their experience of workload in a task which they have 
performed. Each pair of dimensions is presented on a card. 
The paired comparison procedure consists of fifteen cards 
which contain all possible combinations of the six
dimensions. The number of times that each dimension is
selected is then tabulated. The values can range from 0 
(not relevant) to 5 (more important than any other 
dimension). The obtained weights are combined according to 
a specified algorithm to produce a single workload score for
18
each task (Hart and Staveland, 1988).
The other step is to obtain numerical ratings for each 
scale that reflects the magnitude of a dimension for that 
particular task. The operator is given six rating scales 
which represent each of the six workload dimensions (Hart 
and Staveland, 1988). Each scale consists of twenty equal 
intervals anchored by bipolar descriptors (e.g., High/Low). 
The twenty one vertical tick marks on each scale divide it 
from 0 to 100 in increments of five. If a subject marks 
between two of the ticks, the value of the higher tick is 
used (NASA Time Load Index: Paper and Pencil Version, 1986).
The overall workload score for each subject for each 
task condition is determined by multiplying each rating by 
the weight factor previously determined for that subject.
The sum of the weighted ratings for each task condition is 
divided by 15 (the sum of the ratings) in order to determine 
the overall workload score for that condition (NASA-Task 
Load Index: Paper and Pencil Version, 1986).
A new set of weights is obtained for each different 
task or task element upon its completion. However, the same 
set of weights can be used for different versions of the
same task if the contributions of the six dimensions to
workload are similar. Obtaining separate weights for 
different experimental conditions increases the sensitivity 
of the workload score only slightly and does not warrant the 
additional time and effort (Hart and Staveland, 1988).
19
A comprehensive study of TLX was performed by its 
developers: (1) to assess the six sub-scales with regard to 
variations in the sources of workload across a wide spectrum 
of tasks, (2) to evaluate the diagnosticity of the weights 
within a task, and (3) to evaluate whether the task-related 
weighting procedure is sensitive to the overall workload 
score and to load levels within and between tasks (Hart and 
Staveland, 1988). In this comprehensive validation study, 
six males participated in thirteen conditions. The tasks 
included manual control (one axis compensatory tracking, 
subcritical instability tracking, step tracking, target 
acquisition); perception (iconic memory, pattern
recognition); short-term memory (the Sternberg (1966) memory 
task, serial and pattern matching); cognitive processing 
(mental rotation, logical reasoning, serial arithmetic, time 
production); and parallel and serial dual-task variations of
the FITTSBERG and the POPCORN tasks. The FITTSBERG is a
two-axis compensatory tracking paradigm in which the
component tasks are functionally related and performed 
serially: the output or response to one serves to initiate 
or provide information as input for the other (Hart and 
Staveland, 1988). The POPCORN supervisory control 
simulation represents simulated operational environments in 
which decision-makers are responsible for semi-automated 
systems (Hart and Staveland, 1988). The subjects
participated in several blocks of trials per task, with each
20
task involving various levels of workload. Analyses of the 
data revealed that the weights were able to discriminate 
between the sources of load within each different task as
well as between task. When the values were tabulated for 
each sub-scale, they were then averaged across subjects and 
the specific source of workload was determined within a 
given task. It was shown that task-related weights produced 
a global workload estimate that was sensitive to
manipulations in load level (Hart and Staveland, 1988).
In addition to the initial work (Hart and Staveland, 
1988) with the TLX scale, a number of investigators have 
reported successful applications of the scale to evaluate 
workload in a variety of environments.
Tsang and Johnson, (1988) for example, performed a 
study using TLX to investigate the change in cognitive 
demands and mental workload imposed on a human operator when 
his/her work is automated. The study included a task 
battery of two manual control tasks and a decision making 
task. A number of subjective rating scales including TLX, 
were evaluated as a function of the presence or absence of a 
time-shared task, and as a function of the type of time- 
shared task. Workload ratings were collected for each task 
condition in every session. The results demonstrated the 
sensitivity of the TLX scale to task demand manipulations.
Vidulich and Tsang (1987) also used the TLX scale as a 
subjective measure to evaluate workload under various single
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and dual-task tracking conditions. The validity and 
reliability of NASA-TLX and a number of other subjective 
rating procedures were evaluated. Subjects performed a 
single-axis compensatory tracking task. The right-hand 
tracking task consisted of four orders of control: first 
order (velocity); second order (acceleration); mixed (a 
linear combination of first and second order); or varied 
(continuous between first and second order). There was a 
left-handed tracking task which consisted of three orders of 
control: first order; mixed; or second order. The right­
hand primary task was always presented visually and the 
left-hand secondary task was presented either visually or 
auditorially. All subjects were presented with single and 
dual task conditions. In the analysis of the single-task 
condition, TLX showed its ability to successfully detect the 
increased difficulty of the higher workload condition. In 
the dual-task situation, the TLX ratings detected an effect 
of the right-hand primary task control order (Vidulich and 
Tsang, 1987).
As was the case with the SWAT procedure, current 
sensitivity data therefore support the capability of the TLX 
procedure to discriminate the workload imposed by a variety
of task conditions in different environments. SWAT and TLX
therefore represent two rating scale techniques which can be 
recommended for general use as a workload assessment 
procedures.
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Comparison of SWAT and TLX
As a whole, the literature on subjective mental 
workload measurement supports the argument that rating 
scales can be used to measure workload. As noted above, SWAT 
and TLX have been used in a variety of tasks and have been 
found to be sensitive to workload changes. Several recent 
studies (Battiste and Bortolussi, 1988; Corwin, Sandry- 
Garza, Biferno, Boucek, Logan, Jonsson and Matalis, 1989; 
Hancock, Chignell, Vercruyssen and Denhoff, 1989a; Hancock, 
Robinson, Chu, Hansen, Vercruyssen, Groce and Fisk, 1989b; 
Nataupsky and Abbott, 1987) have compaired the sensitivity 
of SWAT and TLX in a variety of conditions that range from 
simulators to the laboratory. In general, these studies 
have failed to demonstrate major sensitivity differences 
between the two techniques.
Battiste and Bortolussi (1988), for instance, compared 
post-flight SWAT and TLX sensitivity in a simulated 
commercial flight environment. Their results demonstrated
that both SWAT and TLX were sensitive to differences between
high and low workload flights and to differences among 
flight segments. TLX but not SWAT ratings were sensitive to 
the increases in workload during the cruise segment of the 
high workload flight.
Corwin et al. (1989) also evaluated post-flight SWAT 
and TLX ratings in the simulated flight environment and 
demonstrated similar results. Both SWAT and TLX ratings
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differentiated a low-workload flight from a high-workload 
flight that included such factors as equipment malfunctions. 
Ratings from both techniques also discriminated the workload 
associated with several segments within the high-workload 
flight.
In the laboratory, Hancock, et al., (1989a) 
investigated the sensitivity of individual SWAT and TLX 
dimensions to task parameters related to a shrinking 
temporal target. For TLX, the dimensions of mental demand, 
physical demand, effort and frustration were all 
significantly affected by both target path length and shrink 
rate. However, the temporal demand and performance
dimensions were sensitive to the effects of shrink rate
only. The SWAT time and stress dimensions were sensitive to
the effects of shrink rate. The effort dimension was 
sensitive to path length alone.
Hancock, et al., (1989b) investigated subjective 
workload ratings associated with successive learning trials 
of a second order tracking task. Both the SWAT and TLX 
workload assessment techniques were used. Neither
subjective workload measure was sensitive to the well- 
established reduction in performance error for the first two 
trials exhibited by all subjects. However, following these 
initial trials in the first block of testing, there was 
substantial agreement between the improvement in performance
and the reduction in perceived workload as indexed by both
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the SWAT and TLX techniques.
Nataupsky and Abbott (1987) assessed a battery of 
subjective and physiological workload measures in a flight 
simulation environment. High and low-workload flight tasks 
were created by manipulating flight path complexity. Both 
SWAT and TLX were shown to be effective in differentiating 
the high and low workload conditions.
In general, current evidence comparing the sensitivity 
of SWAT and TLX ratings provides no strong basis for choice 
of one technique verses the other.
Statement of Problem/Purpose of Study
When practical constraints in operational and 
laboratory environments require a delay between the 
performance of a task and its workload evaluation, the 
accuracy of the subjective ratings could be questioned.
From a theoretical perspective, such delays are potentially 
important, since subjective ratings of workload are 
dependent to some degree on the operator’s ability to 
remember the levels of effort or capacity expenditure that 
were experienced during performance of the rated task.
Delays in rating scale completion comprise retention 
intervals for the information which is necessary to estimate 
subjective workload. Despite its potential importance, 
little information exists which addresses the relationship 
between retention intervals and the sensitivity of SWAT and
25
TLX subjective workload ratings to variations in task 
demand. One way of introducing this type of delay situation 
would be the introduction of an intervening task between the 
task to be rated and completion of the actual rating.
Another way would be the introduction of a pure delay 
interval not filled with an intervening task.
Several studies have been performed investigating the 
effects of such delays on SWAT ratings. In a study done by 
Notestine (1984), subjects performed a display monitoring 
task and made SWAT ratings immediately following or at 15 
and 30 minute intervals after task completion. Subjects 
performed an easy and difficult monitoring task. The 
subject's task was to detect a signal on one of three dials. 
Two levels of signal discriminability were implemented in 
order to vary task difficulty. During the delay period, all 
subjects played a video game requiring the use of a joy 
stick to control a simulated vehicle. This intervening task 
was chosen to minimize interference between the display 
monitoring and intervening tasks. Analysis of the SWAT data 
indicated that SWAT ratings for monitoring task difficulty 
levels were significantly different from each other, and 
that rating delay did not have a significant effect on 
ratings.
As mentioned earlier, a study by Eggemeier, et al . 
(1983) used a memory update task in which subjects had to 
mentally tally the number of times that four categories of
information were presented in sequences which averaged 
twenty items in length. Task difficulty was manipulated by 
through use of at inter-stimulus intervals of 1, 2, or 3 
seconds. Subjects provided SWAT ratings immediately after a 
block of trials and also after a 15-minute delay period.
SWAT ratings varied significantly as a function of task 
difficulty levels, but there were no differences as a 
function of delay conditions.
Eggemeier, Melville, and Crabtree (1984) conducted an 
experiment in which the effect of intervening task on 
subjective workload ratings was the variable of interest. 
SWAT ratings of a memory update task were carried out under 
one of five conditions: (1) immediately after task 
completion; (2) following an average 14-minute delay in 
which no additional tasks were performed; or following a 14 
minute delay in which either a (3) difficult, (4) easy, or 
(5) mixed difficulty intervening memory update task block 
was performed. Subjects were instructed to mentally keep 
track of the number of times that each of five categories of 
information was presented. Significant differences in 
workload ratings resulted from manipulation of task 
difficulty levels, but no differences were found as a 
function of the delay variable.
In a subsequent experiment, Lutmer (1989) investigated 
the sensitivity of SWAT to variations in intersimulus 
interval in a memory update task, and the effects of type of
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intervening task performance on delayed workload ratings.
The memory update task required subjects to mentally tally 
the number of occurrences of four different categories of 
information. Subjects completed workload ratings either 
immediately after task performance or reported ratings after 
a 15 minute delay. Two types of intervening tasks were 
utilized. The first was a continuous recognition task that 
was similar in its mental processing demands to the memory 
update task. The continuous recognition task required the 
subject to remember a pair of numbers and then decide 
whether or not the pair was the same as a previously 
presented pair. The second intervening task was an unstable 
tracking task that emphasized motor output and was, 
therefore, dissimilar to the memory update task in its 
demands. The unstable tracking task required subjects to 
rotate a control knob in order to keep a cursor centered 
over a target area in the middle of the computer monitor. 
Difficulty in the memory update task was manipulated by 
varying the interstimulus interval associated with 
presentation of memory stimuli. The results demonstrated 
that interstimulus interval significantly affected SWAT 
ratings, but that delaying ratings and type of intervening 
task did not. Yastrop (1990) extended the delay intervals 
used in the Lutmer study to 30-minutes, and reported similar
results.
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Work to date comparing immediate and delayed ratings
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with the SWAT procedure has therefore failed to demonstrate 
any significant effects of delays up to 30 minutes in 
duration on such workload ratings. Despite the potential 
importance of the delayed rating issue to applications in 
simulation and operational environments, there have been no 
direct comparisons of immediate versus delayed rating with 
the SWAT and TLX techniques. Several of the comparative 
studies reviewed above (e.g., Battiste and Bortollusi, 1988; 
Corwin et al., 1989) compared SWAT and TLX sensitivity under 
delayed rating conditions, but no study to date has directly 
compared SWAT and TLX sensitivity under immediate versus 
delayed rating conditions. This type of comparative 
information may be important in the choice of which 
technique is best to use. Therefore, the purpose of the 
present study was to compare the sensitivity of SWAT and TLX 
under various load levels using both immediate and delayed 
ratings.
The present study required subjects to make delayed 
SWAT and TLX ratings on a letter Sternberg task (1966) after 
performing an intervening (verbal digit Sternberg) task. In 
the Sternberg memory search task, a set of items (the 
"memory set") was presented to the subject for memorization. 
A single test item was then presented to the subject, and 
the subject responded positively if the item was contained 
in the memory set or negatively if it was not in the memory 
set. Task demand was manipulated by varying the size of the
memory set. Set sizes included two, four, or six items. 
Previous work (e.g., Shingledecker, 1984) had demonstrated 
reliable differences in reaction time in the Sternberg task 
under these demand levels.
Theoretically, rating tasks after a delay interval 
could cause difficulties for the subjects, since it has been 
demonstrated that proactive and retroactive interference can 
affect recall levels in memory (Solso, 1988). Under delayed 
conditions, a subject is required to retain information 
necessary to make workload ratings until the delay period is 
over. Performance of an intervening task during this 
interval allows for the possibility of retroactive
interference effects from workload levels experienced on the 
intervening task to come into play. On a practical level, 
it is quite conceivable that ratings in operational 
environments could and often do involve ratings of multiple 
tasks that are similar to one another, since the
investigators are usually interested in several aspects of a 
task. The interference theory of forgetting suggests that 
similar materials interfere more with the ability to 
remember than do dissimilar materials (Solso, 1988; Wickens, 
1970). Consequently, intervening task type is an important 
factor in delayed ratings, since task which are similar in 
their processing demands may cause more interference than
tasks that are dissimilar.
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Because of previous work that had failed to demonstrate
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a reliable effect of delay on SWAT ratings (e.g., Eggemeier, 
et al. , 1983, 1984; Lutmer, 1989; Notestine, 1984; and 
Yastrop, 1990), it was hypothesized that the SWAT ratings 
would not be affected by a delay period. It was also 
hypothesized that TLX ratings would more likely be affected 
by a delay period because TLX requires that twenty-point 
ratings be completed on each of the six dimensions. This 
format is more complex than the relatively simple three- 
point ratings that are required on the three dimensions of 
SWAT, and it was therefore expected that any loss of 
information during a delay interval would affect TLX ratings 
more markedly than SWAT ratings. Further, as based on 
previous results (e.g., Shingledecker, 1984), memory set 
size was expected to affect reaction time such that 
increases in memory set size would lead to increases in 
reaction time. The verbal digit Sternberg was expected to 
potentially interfere with the rating evaluation of the 
verbal letter Sternberg, because similar processes in 
working memory are required for both tasks. Wickens (1984) 
multiple-resource theory suggests that verbal tasks draw 
from one resource pool, while spatial tasks draw from
another.
CHAPTER II
METHOD
Design
The design was a 2 (rating scale condition) X 2 (time 
interval) X 3 (levels of Sternberg) mixed factorial. The 
between-subjects variable was the type of rating: (1) SWAT 
or (2) TLX. The within-subject variables were the time 
delay intervals and the levels of Sternberg difficulty. 
Ratings were obtained either immediately after Sternberg 
task performance, or after a fifteen-minute delay. In 
addition to the ratings, two measures of Sternberg task 
performance were collected: percent correct and mean 
reaction time in blocks of twenty trials.
Two different types of Sternberg tasks were performed: 
a letter Sternberg task and a digit Sternberg task. The 
demand in each task was manipulated by varying the memory 
set size. The primary task was the letter Sternberg. The 
memory set sizes for the primary letter Sternberg task were 
two, four, or six items. The digit Sternberg was used as 
the intervening task and was performed during the 15-minute 
delay interval. The memory set sizes for the intervening 
task alternated between three and five digits on different
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trials.
Counter Balancing
The task difficulty combinations and type of delay 
(immediate vs. 15 minute delay) was counterbalanced using a 
latin square design (see Table 1). Each combination of 
difficulty level and rating condition order illustrated in 
Table 1 was replicated with each of the two rating scale
conditions.
Subjects
Twenty-four undergraduates were recruited from the 
University of Dayton Introductory Psychology subject pool. 
They received course credit for participating in the study. 
The subjects were randomly assigned to one of the two 
subjective workload measurement techniques (SWAT or TLX). 
All subjects participated in one practice session and two 
data collection sessions. Those subjects assigned to the 
SWAT group also participated in a scale development session 
prior to the practice session. Each session lasted 
approximately one hour. Prior to participation in this 
study, each subject signed a consent form (Appendix A) and 
was screened for 6/6 Snellen acuity, either uncorrected or 
with corrective lenses, using the Rosenbaum Pocket Vision 
Screener (see Appendix B).
TABLE 1
Counterbalancing Scheme for Delay and Task
Difficulty Conditions
SUBJECT NUMBER DAY 1 DAY 2
SI 2(1),4(D),6(1) 2(D),4(1),6(D)
S2 4(1),6(D),2(1) 4(D),6(1),2(D)
S3 6(1),2(D),4(1) 6(D),2(1),4(D)
S4 2(1),6(D),4(1) 2(D),6(1),4(D)
S5 4(1),2(D),6(1) 4(D),2(1),6(D)
S6 6(1),4(D),2(1) 6(D),4(1),2(D)
S7 2(D),4(1),6(D) 2(1),4(D),6(1)
S8 4(D),6(1),2(D) 4(1),6(D),2(1)
S9 6(D),2(1),4(D) 6(1),2(D),4(1)
S10 2(D),6(1),4(D) 2(1),6(D),4(1)
Sil 4(D),2(1),6(D) 4(1),2(D),6(1)
S12 6(D),4(1),2(D) 6(1),4(D),2(1)
Day 1 = First Day of Data Collection 
Day 2 = Second Day of Data Collection
2 = Memory Set Size 2
4 = Memory Set Size 4
6 = Memory Set Size 6
I = Immediate Ratings
D = Delayed Ratings
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Apparatus and Materials
The memory task was generated on a 48.26 cm diagonal 
color monitor (model number Z-1490) by a Zenith 248 
computer. Subjects were seated approximately 46 cm from the 
monitor. The stimuli presented in the Sternberg memory task 
were approximately .64 cm high. Therefore the angle 
subtended at the viewer's eye was approximately 48 minutes 
of arc. The software used to generate the memory task was 
developed using the Micro Experimental Laboratory Package of 
Psychology Software Tools Inc., Pittsburgh, PA. Performance 
of the memory search task was measured and stored by the 
computer. Responses to memory stimuli were made on an 
extended PC-compatible computer keyboard. The left arrow 
key was used to indicate a yes response and the right arrow 
key was used to indicate a no response.
Sternberg Memory Task
The letter memory search task was designed to place 
varying demands on the human information processing 
resources dedicated to short term memory. Subjects were 
required to indicate whether or not an individual probe item 
was a member of a previously memorized set of letters 
(Amell, et al., 1987). The intervening digit Sternberg task 
was designed to load the same processing resources but with 
a different set of materials. The letters and digits that 
were used in this study were determined by a pilot study.
All letters or digits were computer generated based on the
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following alphabetic characters (A, B, C, E, F, G, H, I, L, 
Q, R, X, Y, and Z) and the following numerical characters 
(1, 2, 3, 4, 5, 6, 7, 8, and 9). Memory set items on each 
trial were randomly selected from the letter pool or the 
numeric pool in the letter and digit task, respectively, and 
the remaining items were used in the negative set. The 
probability of any individual probe being positive or 
negative was .50. Reaction time was measured from the onset 
of the test item to the response. Although the Sternberg 
memory search task was subject-paced, there was a maximum 
response time of 2.0 seconds for each probe item
(Shingledecker, 1984). Once a subject reached the maximum 
time limit, a new stimulus was presented and the response to 
the old stimulus was recorded as an incorrect response. The 
subjects were instructed to respond as quickly as possible 
while maintaining an accuracy level of 90% or better. The 
subjects were given feedback regarding the accuracy of their 
performance after each test block of twenty trials to help 
ensure that a 90% or better accuracy level was maintained.
Workload Measures
SWAT and TLX were the two workload metrics applied in 
this study. Both are based upon multiple dimensions, which 
are combined to form a single workload scale.
SWAT. As noted in the introduction, administration of
SWAT requires two stages: scale development followed by
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event scoring. During scale development the subjects rank 
order 27 cards, each of which represents a unique 
combination of the three levels of time, effort and stress. 
During event scoring, the subject rates the task on each of 
the three SWAT dimensions (time, effort, stress).
TLX. Like SWAT, administration of TLX requires two 
stages: event scoring and scale development. During event 
scoring, the subject rates the task along each of the six 
TLX dimensions (mental demand, physical demand, temporal 
demand, performance, effort, frustration level). During 
scale development, all possible pairs of the six dimensions 
are evaluated for relative importance to the workload 
experienced in performance of the task.
Procedure
Overview of Procedure. All subjects participated in 
one practice session and two data collection sessions. In 
all cases, the practice session was held on the day which 
immediately preceded the first of the two data collection 
days. The objectives of the practice session were to 
provide: (a) initial training on performance of the 
Sternberg memory search task, and (b) some practice with use 
of the particular workload rating scale procedure (i.e.,
SWAT or TLX) that was to be used by subjects in each of the 
respective rating scale groups.
In addition to the practice session and the data 
collection sessions, subjects in the SWAT group
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participation an additional session that was dedicated to 
completion of the scale development phase of the SWAT 
procedure. This SWAT scale development session was held on 
a separate day from all other sessions, and always preceded 
the practice session for subjects in the SWAT group.
The following section details the procedure used during 
the SWAT scale development session. This section is then 
followed by additional sections that describe: (a) the 
procedure for the practice session for both the SWAT and TLX 
groups, and (b) the procedure for the data collection 
sessions for both the SWAT and TLX groups.
SWAT Scale Development
The SWAT scale development phase was administered to 
subjects individually or in groups of two. The subjects 
received written instructions to follow as the experimenter 
read aloud (Appendix C). Subjects were encouraged to ask 
questions if there was anything in the instructions that 
they did not understand. The subjects then individually 
performed the SWAT card sort. The subjects were asked to 
arrange the SWAT cards sequentially so that the card 
representing the lowest amount of workload was placed on the 
top, and the card representing the highest amount of 
workload was placed on the bottom. In addition, the
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subjects were instructed to base their ranking on personal 
experience and not on a specific situation. A general card 
sorting strategy was recommended to the participants. This 
strategy advised the subjects to divide the 27 cards into 
three stacks of nine cards each representing low, medium, 
and high workload. The subjects were advised to rank order 
the cards in each of the three stacks before combining them 
into one overall stack. If the subject took less than 30 
minutes to complete the card sort, he or she was asked to 
review the card sort. If the subject took longer than 50 
minutes, the experimenter instructed the subject to complete 
the card sort within the next 15 minutes. After completion 
of the scale development phase the subject was asked to rate 
the difficulty of the card sort task, using a 20-segment 
unidimensional scale. The endpoints of the scale were 
anchored by the semantic descriptions "easy" and
"difficult". Half of the subjects were presented with the 
scale with "easy" at the left endpoint and "difficult" at 
the right endpoint while the semantic descriptors were 
reversed for the other half of the subjects (Appendix D).
Practice
At the beginning of the practice session, the subjects 
were given a written definition of workload and explanation 
of how rating scales were to be used to subjectively assess 
workload. This description is presented in the Appendix E. 
This was followed by a description of the Sternberg task and
instructions for performing the task (Appendix F). The 
subject was asked to follow along while the experimenter 
read this material aloud. The subject was then shown 
printed examples of the Sternberg task trials for both the 
case in which the probe was present in the memory set and 
the case in which it was not present (Appendix G). Those 
subjects assigned to the TLX group then received written 
instructions for performing their workload ratings. These 
instructions were also read aloud by the experimenter 
(Appendix H). Those subjects assigned to the SWAT group had 
received their instructions by the same procedure at the 
time they participated in the scale development phase.
These instructions were reviewed before the practice trials.
Each subject then performed nine practice blocks 
(twenty trials per block) of the Sternberg letter task. The 
memory set sizes for blocks one, two, and three were two, 
four, and six letters respectively. This same sequence was 
repeated for blocks four, five, and six. However, after 
each of these blocks, subjects in the SWAT group were asked 
to rate the workload associated with that block using the 
SWAT procedure, and the subjects in the TLX group were asked 
to rate each block using the TLX procedure. Blocks seven, 
eight, and nine were identical to blocks one, two, and 
three. The subject was given feedback for accuracy only, 
after each block of trials.
Following the letter Sternberg task, the subjects in
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the TLX group were asked to perforin the scale development 
pair-wise comparison task. The subjects received written 
instructions which were read aloud by the experimenter 
(Appendix I). Each pair was presented to the subject on a 
single sheet of paper, and the subject's task was to circle 
the dimension which was perceived to be most important in 
workload imposed by the Sternberg task. The subject was 
then asked to evaluate the paired-comparison task using the 
same 20-segment unidimensional scale as was used by the SWAT 
group for evaluating the difficulty of SWAT scale
development. As was the case for the SWAT evaluation, the 
endpoints of the scale were anchored by the semantic 
descriptions "easy" and "difficult". One-half of the 
subjects were presented with the scale with "easy" at the 
left endpoint and "difficult" at the right endpoint while 
the semantic descriptors were reversed for the other half of 
the subjects.
Data Collection
All subjects participated in two data collection 
sessions. First, the subjects performed a warm-up block of 
twenty trials of the letter Sternberg task with a memory set 
size of four items. This was followed by three blocks of 
the letter Sternberg. Following each block of the Sternberg 
task, subjects in the SWAT group rated the workload with 
SWAT and subjects in the TLX group rated workload using TLX. 
This rating was performed either immediately after the
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Sternberg task or after a 15-minute delay period. During 
the delay period, the digit Sternberg task was performed. 
After the 15-minute delay the subject was asked to rate the 
workload associated with the letter Sternberg task only. 
Subjects received feedback on their accuracy of performance 
on the Sternberg task after reporting their workload 
ratings. The ordering of the memory set size and the 
immediate and delayed workload ratings was determined by the 
aforementioned counterbalancing procedure (Table 1).
Debriefing
Following the second data collection session, the 
subjects in the SWAT and TLX groups were asked to rate the 
difficulty of their respective rating procedures. This was 
accomplished using the same 20-segment scale that was 
utilized in the scale development phases. The ordering of 
the semantic anchors for an individual subject did not vary 
from that which had been used to gather the original 
difficulty ratings.
A debriefing statement was read to each subject at the 
end of the final experimental session. The debriefing 
statement told the purpose of the study, discussed the
necessity of such studies, and described the tasks thatt the 
subjects performed throughout the course of the experiment 
(Appendix J).
CHAPTER III
RESULTS
Sternberg Memory Search Task Performance
Accuracy. In order to assure that the subjects did 
indeed maintain the required 90 percent accuracy on the 
Sternberg memory search task individual subject averages 
were computed. Overall mean accuracy was found to be 98.00 
percent. All subjects exceeded the 90 percent accuracy 
requirement. Table K-l gives mean percent correct response 
for individual subjects.
The percentage of correct responses as a function of 
memory set size, immediate versus delay rating condition, 
and rating scale is shown in Figure 1. Clearly, memory set 
size affected accuracy, with higher memory set sizes being 
associated with lower accuracy levels. A 3 (memory set 
size) X 2 (delay) X 2 (rating scale condition) analysis of 
variance (ANOVA) was performed to examine the effects of 
memory set size, delay, and rating scale upon percent 
correct responses. The percentage of correct responses was 
found to differ significantly as a function of memory set 
size [F.(2,44) = 6.16, £  = 0.0044]. Percent correct response 
did not differ significantly as a function of rating scale
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Figure 1. Group accuracy as a function 
of delay and memory set size.
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condition [F(l,22) = 0.59, £ = 0.4500] or delay [F(l,22) = 
0.51, £  = 0.483], or their interaction [F.(l,22) = 3.45, £ = 
0.077]. A complete ANOVA summary table is given in Appendix 
K-2. Post-hoc analyses using a Newman-Keuls test (Keppel, 
1982) at the .05 alpha level revealed that accuracy did not 
differ significantly for memory set size two versus memory 
set size four. However, memory set sizes two versus six and 
four versus six were found to differ significantly.
Accuracy showed little variability (Table K-l), and the 
reliable effect of memory set with small mean performance 
differences reflects these low levels of variability.
The memory set size X rating scale condition (F(2,44) = 
2.12, £ = 0.132], and the memory set size X delay [F.(2,44) = 
1.84 £ = 0.171] interactions also failed to demonstrate 
significance. However, the interaction of memory set size X 
rating scale condition X delay was found to be significant 
[F.(2,44) = 4.56 £ = 0.0159]. This interaction was explored 
further by performing separate 3 (memory set size) X 2 
(delay) ANOVAS on the SWAT and TLX data respectively. These 
ANOVAs are summarized in Table K-3. These analyses
confirmed the previously noted trend for decreased accuracy 
as memory set size increased. For both groups, accuracy was 
found to differ significantly as a function of memory set 
size [F (2,22) = 6.46, £ = .0062 for the TLX group; F_ (2,22) 
= 6.43, £  = .0063 for the SWAT group]. Post-hoc analyses 
using the Newman-Keuls test revealed that accuracy did not
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differ significantly for memory set size two versus four for 
either the TLX or SWAT groups. However, accuracy was found 
to differ significantly for memory set sizes two versus six 
and four versus six. Accuracy was not found to differ 
significantly as a function of delay for either group [F 
(1,22) = 0.71, £ = .4175 for the TLX group; F (1,22) = 3.06, 
p. = .1080 for the SWAT group].
There was no significant delay X memory set size 
interaction for the TLX group. However, for the SWAT group, 
a significant delay by memory set size interaction was 
present [ F (2,22) = 6.42 , p = .0064], The source of the 
interaction was traced through individual one-way ANOVAs 
which tested the effect of delay at each memory set size. 
Accuracy differed significantly as a function of delay for 
memory set size six [F (1,11) = 11.8, p_ = .0055], but not 
for memory set size four [F (1,11) = 0.31, p. = .5863], or 
two [F. (1,11) = 0.13, p. = .7227]. Accuracy was lower for
the immediate than for the delayed rating condition under 
memory set size six.
Reaction Time. Mean reaction time as a function of
memory set, rating condition, and rating scale is shown in 
Figure 2. Clearly memory set size affects mean reaction 
time, but neither the rating scale nor the delay interval 
appears to have had a substantial impact on reaction time. 
The overall mean reaction times for individual subjects are 
given in Appendix K-4. Mean reaction time did not differ
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Figure 2. Mean reaction time as a function 
of delay and memory set size.
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significantly as a function of either rating scale
condition [F.(l,22) = 0.00 e. = .999], or delay [F(l,22) = 
0.12 p. = 0.728], or their interaction [F (1,22) = 0.04, p_ = 
0.843]. Mean reaction time was found to differ
significantly as a function of memory set size [F(2,44) = 
57.60 e. = 0.0001], Post-hoc analyses, using a Newman-Keuls 
test, revealed that reaction time differed significantly 
(p<.05) for memory set sizes four versus six, two versus 
six, and for memory set two versus four. There was no 
significant interaction of memory set size X rating scale 
condition [F.(2,44) = 0.48 e. = 0.621] or for memory set size 
X delay [F.(2,44) = 0.24 p. = 0.785]. There was also no 
significant difference in mean reaction time as a function 
of the three way interaction of memory set X rating scale 
condition X delay [F(2,44) = 0.26 e_ = 0.775], A complete 
ANOVA summary table is given in Appendix K-5.
The pattern of the reaction time data is therefore 
consistent with the expectations, in that only memory set 
size reliably affected reaction times. Neither the delay 
condition nor the rating scale condition were expected to 
influence mean reaction time since these are variables 
related to the workload ratings themselves which take place 
after task performance.
Workload Ratings
SWAT Card Sort Data Analysis. A Kendall's c efficient
of concordance was calculated for the SWAT rating group.
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This coefficient is an index of the degree of inter-subject 
agreement within a card sort. As noted previously, a value 
of .75 or above has been recommended as indicating that one 
scaling solution is sufficient to capture the subjects' 
composite view of workload (Reid, et al., 1989). A 
Kendall's Coefficient below .75 generally requires that a 
separate scaling solution be generated for individual groups 
of subjects. In this process, subjects are categorized as a 
member of one of three main prototype groups based on their 
perceptions of the relative importance of the time, effort, 
or stress dimensions. For example, the stress prototype 
group is made up of subjects who consider stress load to 
contribute most heavily to his/her perception of workload. 
Likewise, subjects in the time or effort prototype groups 
consider those respective dimensions to contribute most 
heavily to their perception of workload.
The results for the Kendall's coefficient of
concordance with all 12 SWAT subjects was .72, indicating 
that a group solution was not possible. Reid et al ., (1989) 
have identified a number of different card sort orderings 
which are based on differential weightings of time, effort, 
and stress by a subject in completing the card sort. The 
SWAT prototype analysis program enables classification of a 
subject as a member of the time, effort or stress group 
based on the correlation of the subject's card sort ordering
with those which have been identified to represent each
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prototype. This prototype analysis was conducted, and based 
on the resulting correlations, 5 subjects were assigned to a 
time prototype group, 4 subjects to a stress prototype 
group, and 3 subjects to an effort prototype group. See 
Table L-l for a prototype analysis of subjects 1-12. The 
Kendall’s Coefficients of concordance were .822, .907, and 
.916 for the time, effort, and stress groups respectively.
A series of axiom test incorporated in the SWAT analysis 
procedure (Reid et al., 1989) were used to determine the 
appropriateness of an additive model for combining rating
data from the three different dimensions into an overall
scale for each prototype group. Independence axiom tests, 
double cancellation, and joint independence were the axiom 
tests employed. Results of these axiom tests indicated that 
all values were within the guidelines provided (Reid et al., 
1989) for each of the prototype groups. See Table L-2 for 
these axiom test results.
Separate overall interval scales of workload were 
generated for each of the prototype groups. In order to 
allow combining of the subjective scores from different 
prototype groups, values were rescaled so that they ranged 
from 0-100 in each group. The rescaled interval values 
served as the subjective workload measure in the succeeding 
analyses (These values are presented in Tables L-3a, b, c).
Ratings Analysis, SWAT workload ratings as a function 
of memory set size and delay are shown in Figure 3. There
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Figure 3. SWAT workload ratings 
as a function of memory set 
size and delay.
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is an evident trend toward increased SWAT workload ratings 
with increases in memory set size and this trend is present 
under both immediate and delayed rating conditions.
In order to examine the effects of delayed versus 
immediate ratings and memory set size upon subjective 
workload, a 3 (memory set size) X 2 (delay) ANOVA was 
performed on the SWAT rating data.
The trends noted above were confirmed by this ANOVA. 
SWAT workload ratings were found to dif,fer significantly as 
a function of memory set size [F (2,22) = 21.32, p_ = .0001]. 
A Newman-Keuls test revealed that the SWAT workload rating 
for memory set size six was significantly (p<.05) higher 
than that for memory set size two and memory set size four. 
Also the SWAT workload rating for memory set size four was 
significantly higher than that for memory set size two.
SWAT workload ratings did not differ significantly as a 
function of delay [F (1,11) = 4.10, p. = .068]. There was 
also no significant memory set size X delay interaction [F 
(2,22) = 1.57, p. = .2302]. A complete summary of the ANOVA 
data is presented in Table L-4.
TLX Paired comparisons Data Analysis. An overall 
workload rating for each subject under each task condition 
was computed according to the procedures specified in the 
NASA TLX Instruction Manual (NASA-Task Load Index: Paper and 
Pencil Version 1.0, 1986). This procedure required that the 
20-point ratings on each dimension under a specific task
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condition be weighted by the value computed from the 
previously described paired-comparison procedure. See Table 
L-5 for a summary of the weightings produced by the
individual subjects. Once the weighted values were
obtained, they were summed and divided by 15 in order to 
derive an overall workload rating for that task condition. 
These overall workload ratings were used in all subsequent 
analyses.
TLX Rating Analysis. TLX overall workload ratings as a 
function of memory set size and delay are shown in Figure 4. 
As was the case for SWAT ratings, there is an evident trend 
toward increased TLX workload ratings with increases in 
memory set size. However, the rate of increase of TLX 
ratings appears to be somewhat greater for the immediate 
rating than for the delayed rating.
These trends were confirmed by a 3 (memory set size) X 
2 (delay condition) ANOVA that was conducted on the TLX 
rating data. A complete ANOVA summary is presented in Table 
L-6. TLX workload ratings were found to differ significantly 
as a function of memory set size [F (2,22) = 16.29, p_ =
.001]. Newman-Keuls tests revealed that the workload rating 
for memory set size six was significantly higher than that 
for memory set size two or four. The TLX workload rating 
for memory set size four did not differ significantly from 
that for memory set size two. TLX workload ratings did not 
differ significantly as a function of delay [F (1,11) =
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Figure 4. TLX workload ratings 
as a function of memory set 
size and delay.
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0.17, £ = .6919].
The memory set size by delay interaction was however, 
found to be significant [F (2,22) = 3.53, £ = .0469]. This 
interaction was further investigated with two one-way ANOVAs 
which investigated the effect of memory set size under 
immediate and delayed reporting conditions. Under both the 
immediate and delayed reporting conditions, the TLX workload 
ratings were found to differ significantly as a function of 
memory set size [F (2,22) = 11.24, p_ = .004 for the 
immediate condition; and F (2,22) = 7.36, p. = .0036 for the 
delayed condition]. For both the immediate and delayed 
conditions, Newman-Keuls tests revealed that workload 
ratings differed significantly (p< .05) for memory set four 
versus six and for memory set two versus six but not for 
memory set two versus four. The Newman-Keuls can be
considered a somewhat conservative post-hoc test.
Therefore, a less conservative Fisher LSD (Keppel, 1982) was
used to determine whether a less conservative test would
show reliable differences not revealed by the Newman-Keuls 
test. The same pattern of results was obtained using a 
Fisher LSD (Keppel, 1982) to investigate the effect of 
memory set size within each rating condition. As can be 
observed in Figure 4, TLX ratings were somewhat higher for 
the delayed reporting condition than for immediate at memory 
set sizes two and four but somewhat lower for the delayed 
reporting condition than for the immediate condition at
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memory set size six. This trend was further investigated by 
comparing immediate versus delayed ratings at each memory 
set size. Three one-way ANOVAs were performed. However,
TLX ratings were not found to differ significantly for 
immediate versus delayed ratings at any of the three memory 
set sizes [memory set size two, F (1,11) = 3.54, p. = .087, 
memory set size four, F (1,11) 0.49, p. = .498, and memory
set size six, F (1,11) = 2.22, p. = .164]. This significant 
interaction of memory set size and rating condition 
therefore reflects the trend noted in Figure 4 for 
differences between memory set sizes to be somewhat 
attenuated under the delayed versus the immediate rating 
conditions.
Ease-of-Use Scale Results. Scale ease of use as a 
function of rating scale condition (SWAT versus TLX) and 
rating scale phase (scale development versus scale use) is 
shown in Figure 5. As illustrated in the figure, the SWAT 
scale was rated as somewhat more difficult to use at the 
scale development phase than was the TLX scale. However, 
the ease of use ratings were about equivalent for the scale 
use phase.
In order to evaluate the ease of use of the two
workload measurement procedures, ratings on the 20 segment 
ease-of-use scales were converted to 100-point scales with 0 
representing easy and 100 representing difficult. A 2 
[phase (scale development versus scale use)] X 2 (workload
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Figure 5. TLX and SWAT ease of use 
ratings as a function of scale 
development and scale use phases.
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scale) ANOVA was performed for ease of use. Table M-l 
presents a summary of the ANOVA results. Ease-of-use 
ratings were found to differ significantly as a function of 
phase [F (1,22) = 13.12 , p  = .0015] and workload scale [F 
(1,11) = 9.99, p  = .0045], The phase X workload scale 
interaction was also found to be significant [F (1,22 = 
4.87, p = .0380]. One-way ANOVAs were then performed to 
compare the ease of use of SWAT versus TLX at each phase. 
For the scale development phase, SWAT was found to be 
significantly more difficult to use than TLX [F (1,11) = 
12.34, p = .0049]. However, for the scale use phase, there 
was no significant difference in the rated ease-of-use of 
the workload scales [F (1,11) = 1.49, p = .2356].
CHAPTER IV
DISCUSSION
The performance data were consistent with expectations 
in that mean reaction time was affected by memory set size, 
the variable which had been chosen to manipulate the levels 
of task demand in the Sternberg memory search task. As 
expected on the basis of previous research (e.g.,
Shingledecker, 1984) with the Sternberg task at the same 
difficulty levels, mean reaction time showed increases as a 
function of memory set size. This was true in both the SWAT 
and TLX groups and under both immediate and delayed rating 
conditions. As noted above, neither rating group condition 
nor rating condition was expected to affect reaction time 
performance, since these variables pertained to the workload 
ratings and not to the Sternberg task itself.
The accuracy data generally paralleled the reaction 
time data, and showed decreased performance as memory set 
size was increased. With the exception of the immediate 
versus the delayed rating condition under memory set size 
six in the SWAT group, none of the rating variables were 
associated with reliable differences in the accuracy of 
Sternberg task performance. This latter difference
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reflected a somewhat lower level of accuracy under the 
immediate versus the delayed rating condition with memory 
set size six. As indicated earlier, the variability 
associated with the accuracy data was very low, and the fact 
that this difference was reliable reflects that very low 
level of variability. The noted difference was not 
considered critical in interpretation of the SWAT rating 
data, because it was relatively small and because SWAT 
successfully differentiated the memory set size six 
condition from the remaining demand levels under both 
immediate and delayed ratings.
The results of the performance analysis therefore 
confirm that the manipulation of memory set size was 
effective in varying the level of performance in the memory 
search task, and also suggest that demand was also 
manipulated. The performance results also indicate that 
neither rating group nor immediate versus delayed ratings 
markedly influenced the pattern of performance results in a 
manner that would compromise the capability to clearly 
interpret the rating scale data. Both of these findings 
therefore facilitate the straightforward interpretation of 
the workload ratings data that were obtained under the noted
conditions.
As expected, SWAT ratings proved sensitive to 
variations in memory set size at each of the levels of 
demand that were used. This finding is consistent with
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previously reported results with a similar variant of the 
Sternberg task (e.g., Amell et al., 1987) and with various 
other verbal (e.g., Eggemeier et al., 1983) and spatial 
(e.g., Eggemeier and Stadler, 1984) memory tasks that have 
been used in the evaluation of SWAT rating sensitivity. As 
was indicated previously, the SWAT technique was extensively 
evaluated on a series of laboratory tasks that were intended 
to tap different information processing capacities/resources 
[see Reid and Nygren (1988) for a review], and the present 
sensitivity data were therefore as expected on the basis of 
previous research with the technique.
Also consistent with previous results, the 15-minute 
delay used in this experiment failed to affect the 
sensitivity of SWAT ratings to the manipulations of task 
demand that were employed. The current data therefore 
extend previous experiments with probability monitoring 
(Notestine, 1984) and memory update tasks (Eggemeier et al., 
1983, 1984; Lutmer, 1989; Yastrop, 1990) which indicate that 
delays of up to 30 minutes in ratings do not have an adverse 
affect on the sensitivity of SWAT ratings to variations in
task demand.
The major objective of this study was the comparison of 
the effects of delayed versus immediate ratings on the data 
which result from the SWAT procedure and a second major 
standardized approach to subjective workload assessment, the 
NASA TLX (Hart and Staveland, 1988) procedure. As noted
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above, although there have been a number of evaluations 
which permit comparisons of the sensitivity of the SWAT and 
TLX techniques in the recent literature (e.g., Battiste and 
Bortolussi, 1988; Corwin et al,, 1989; Hancock et al.,
1989b; Nataupsky and Abbott, 1987), none of the previous 
studies have directly compared the sensitivity of the 
ratings which result with these techniques under immediate 
and delayed rating conditions.
As was described above, both SWAT and TLX are 
multidimensional techniques, but employ very different 
formats during data collection. While the SWAT procedure 
requires relatively simple three-point ratings of three 
major dimensions, the TLX technique requires that the 
subject complete more complex twenty-point ratings on six 
different dimensions. Given the increased number of 
dimensions and the relative complexity of the ratings 
required in the TLX versus the SWAT procedure, it was 
expected that TLX might show a decrement over the same 
15-minute delay intervals that have not had a major effect 
on SWAT ratings. This hypothesis was not confirmed, however, 
in that delayed TLX ratings discriminated exactly the same 
demand levels as were discriminated by immediate TLX 
ratings. As noted above, the reliable delay x memory load 
interaction in the TLX data reflects a trend for some 
attenuation of differences between memory task demand levels
under delayed versus immediate rating conditions. However,
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this attenuation did not affect the capability of the 
technique to reliably discriminate several of the demand 
levels. In spite of the noted attenuation, subjects were 
therefore able to retain enough information concerning the 
six TLX dimensions over the delay to successfully complete 
the required ratings.
One somewhat unexpected finding that emerged from the 
current experiment was the sensitivity difference 
demonstrated by the SWAT and TLX ratings to manipulations of 
memory set size in the Sternberg. Under both immediate and 
delayed conditions, SWAT discriminated the subjective 
workload associated with all three demand levels, while 
comparable TLX ratings under both immediate and delayed 
ratings discriminated the moderate and low levels of demand
from the high level of demand, but not the low from the 
moderate level. Previous comparisons (e.g., Battiste and 
Bortolussi, 1988; Corwin et al., 1989; Hancock et al . ,
1989b; Nataupsky and Abbott, 1987) of the sensitivity of the 
SWAT and TLX techniques have not demonstrated consistent 
advantages of one procedure over the other, and those 
comparisons (e.g., Battiste and Bortolussi, 1988) that did 
result in differences have favored the TLX procedure.
There are several differences between the present study 
and many of the previous comparisons which may have 
contributed to the sensitivity difference in the present 
results. In the first place, many of the previous
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comparisons (e.g., Battiste and Bortolussi, 1988; Corwin et 
al., 1989; Nataupsky and Abbott, 1987) have been performed 
under more complex multi-tasking conditions than the 
single-task condition that was evaluated in the present 
experiment. Similarly, the demand manipulations used in 
this experiment were associated with relatively modest
variations in the number of items that were to be retained
and searched in memory. It is not possible to directly 
compare the magnitude of the demand manipulations used in 
this and other scale comparison experiments (e.g., Battiste 
and Bortolussi, 1988; Corwin et al., 1989; Hancock et al., 
1989b; Nataupsky and Abbott, 1987). However, it may be 
assumed that differences between flight segments and the 
occurrence of certain system malfunctions (e.g., hydraulic 
system failure) that were evaluated in several of the noted 
experiments represented demand manipulations that exceeded 
the memory set size manipulation used in the present work.
It is therefore possible that SWAT does show an advantage in 
sensitivity over the TLX technique under the relatively low 
workload single-task conditions that were employed in this 
experiment. This possibility should be addressed in 
additional comparison studies.
With respect to the ease of use evaluation that was 
conducted, SWAT was rated significantly more difficult to 
utilize than was the TLX technique during the scale 
development phase. Subjects found the SWAT card sort to be
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more difficult than the TLX paired comparison procedure. 
However, the two workload measures did not differ in ease of 
use at the workload rating phase. The SWAT rank ordering 
procedure is a tedious task requiring well over 30 minutes 
to perform. Vidulich and Tsang (1985) have previously 
suggested that improving the format of presentation of the
27 combinations of the three levels of the three SWAT
dimensions might simplify the task. The paired comparison 
phase of TLX for scale development is a simpler task, and 
requires approximately 5 - 1 0  minutes to perform as opposed 
to the 30 - 45 minutes typically required of the SWAT 
procedure. However, the TLX weighting procedure is task 
specific. In a multi-task environment, the paired 
comparison procedure would need to be carried out for each 
task. The SWAT card sort is based on the subject’s general 
perception of workload and needs to be done only once to be 
applicable to all task performed by the subject. Therefore, 
the time advantage enjoyed by the TLX technique in the 
present experiment could be reduced in multi-task
environments.
The SWAT technique may also be particularly non- 
intrusive for collecting workload ratings in an operational 
environment. Subjects need only choose one of three levels 
on each of the three dimensions. The descriptors for these 
levels are well learned during the card sort procedure, thus 
facilitating rapid reporting of workload ratings. The
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larger number of scales used in TLX requires more time for 
reporting of workload ratings. Subjects often need to refer 
to written descriptors of the six dimensions. Therefore 
some actual data collection conditions could possibly favor 
use of the SWAT procedure.
Implications of Findings
In the present study, SWAT demonstrated greater 
sensitivity to task demand under both immediate and delayed 
rating conditions than did TLX. The data suggest that under 
levels of task demand and delays used here, SWAT is the 
rating scale of choice.
The fact that neither subjective technique was affected 
by delayed reporting following a very similar intervening 
task, suggests that these measures may be useful in a 
complex multi-task environment. These delayed workload 
ratings hold promise of being non-intrusive while still 
maintaining sensitivity to levels of task demand. However, 
further research is needed to verify that sensitivity would 
not be lost under delayed ratings in a more complex 
environment or if the delay period was longer.
The issue of delayed ratings when using SWAT or TLX 
should be pursued through additional research with different 
types of tasks, levels of task demands, and different delay 
conditions from those used in this experiment. Such future 
work would permit examination of the generalizability of the
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present findings and would contribute additional important 
data to utilization guidelines for both SWAT and TLX. These 
data, along with the findings related to ease of use, may 
suggest trade-offs in the selection of a subjective workload 
measurement technique. These trade-offs may be associated 
with task type, task input processing and response demands, 
as well as the environment in which the task is to be 
performed.
APPENDIX A
AUTHORIZATION TO PARTICIPATE AS A SUBJECT IN RESEARCH
PROJECT TITLE: Effects of Delayed Ratings of
Subjective Workload Measures
PRINCIPLE INVESTIGATOR: R.A. Gandy
Nature, Duration, and Purpose of Experiment
This experiment requires that subjects perform a memory 
task. The task involves studying groups of letters that will be 
presented on a computer screen, and then rapidly deciding whether 
or not a subsequently presented letter was a member of the set. 
Answers will be provided by pressing keys on a computer keyboard. 
In some instances subjects will also be asked to rate the mental 
workload associated with performance of the memory task. These 
ratings will be accomplished by marking appropriate answers on a 
rating sheet.
The general type of performance and workload rating 
experiment has been conducted before, and the literature reports 
no adverse effects on subjects who participated. Subjects may, 
however, experience some fatigue from working with the video 
screen and keyboard during the experimental session.
Psychology 101 subjects will receive one hour of credit for 
each hour or part of an hour that they participate in. A maximum 
of three credit hours will awarded. The experiment requires that 
the subject return for two more sessions after the initial 
session. Each session will last approximately one hour. Failure 
to participate in all three sessions within a week will be 
grounds for ending participation in the experiment. We do not 
recommend that subjects miss classes in order to participate.
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Authorization to Participate in Research
Record of Participation.
I understand that my identity will not be revealed in any 
publication or document resulting from this research.
Consent to Participate
The decision to participate in this experiment is completely 
voluntary on my part. No one has coerced or intimidated me into 
participating in this program. I am participating because I want
to. ___________________________ has adequately answered any and
all questions I have about this study, my participation, and the 
procedures involved. I understand that Robyn Gandy will be 
available to answer any questions about procedure throughout this
s t u d y . _______________________________ , understand that if
significant new findings develop during the course of this 
research which may relate to my decision to continue further 
participation, I will be informed. I further understand that I 
may withdraw this consent at any time and discontinue further 
participation in this study without prejudice to my entitlements. 
I also understand that the experiment monitor of this study may 
terminate my participation in this study if he or she feels this 
to be in my best interest, or if I fail to achieve required 
levels of performance. I also certify that I am 18 years of age 
or older.
Signature of Subject and Social Security Number Date
Signature of Witness Date
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APPENDIX C
SWAT CARD SORT INSTRUCTIONS FOR SUBJECTS
During the course of this experiment, you will be asked 
to quantify the mental workload required to complete the 
tasks you will be performing. I will explain what mental 
workload is, provide you with a description of the 
dimensions which comprise mental workload and explain to you 
what you will be doing today.
Mental workload refers to how hard you have to work in 
order to accomplish some task,group of task, or an entire 
job. Many factors can potentially contribute to how hard 
you must work in order to perform a task or group of tasks. 
For the purposes of this study, we have reduced these 
factors contributing to workload to three major influences: 
Time Load, Mental Effort, and Stress.
TIME LOAD
Time load refers to the fraction of the total time that 
you are busy. When time load is low, sufficient time is 
available to complete all of your mental work with some time 
to spare. As time load increases, spare time drops out, and 
some aspects of performance overlap and tasks interrupt one 
another. This overlap and interruption can come from 
performing more than one task or from different aspects of 
performing the same task. At higher levels of time load, 
several aspects of performance often occur simultaneously, 
you are constantly busy, and interruptions are very 
frequent.
Time Load Example
Time load, for example, can be illustrated by a simple 
test made up of 150 very easy true and false items. All of 
the items are very simple, but you are given only five 
minutes to complete the test. Time load in this situation 
is high, since you don't have enough time to complete the 
task at hand and your thoughts about one item overlap with
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or interfere with thoughts about the other items as you 
hurry to complete as many items as possible. Your high 
workload in this situation would be due to the scarcity of 
time, and not to the difficulty of the test items themselves 
since they are so easy.
Time load may be rated on the three-point scale below.
1. Often have spare time. Interruptions or overlap 
among activities occur infrequently or not at all.
2. Occasionally have spare time. Interruptions or 
overlap among activities occur frequently.
3. Almost never have spare time. Interruptions or 
overlap among activities are very frequent, or 
occur all the time.
Mental Effort Load
As described above Time load refers to the amount of 
time one has available to perform a task or tasks. In 
contrast, mental effort load is an index of the amount of 
attention or mental effort required by a task regardless of 
the number of tasks to be performed or any time limitation. 
When mental effort load is low, the concentration and 
attention required by a task is minimal and performance is 
nearly automatic. As the demand for mental effort 
increases, the degree of concentration and attention 
required to perform increases, due to task complexity or the 
amount of information which must be dealt with in order to 
perform adequately. High mental effort load demands total 
attention or concentration due to task complexity or the 
amount of information that must be processed.
Mental Effort Example
Mental effort load, as opposed to time load, can be 
illustrated by a very difficult calculus test. You are 
given only two problems and unlimited time to complete them. 
The problems are so difficult that your complete attention 
is taken up in trying to solve them. Time is not a problem, 
but the tasks are so difficult that even though there is no 
time pressure, workload is high.
Mental effort load may be judged on the three-point 
scale below.
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1. Very little conscious mental effort or 
concentration required. Activity is almost 
automatic, requiring little or no attention.
2. Moderate conscious mental effort or concentration 
required. Complexity of activity is moderately 
high due to uncertainty, unpredictability, or 
unfamiliarity. Considerable attention required.
3. Extensive mental effort and concentration are 
necessary. Very complex activity requiring total 
attention.
PSYCHOLOGICAL STRESS LOAD
Stress load refers to the contribution to total 
workload of any conditions that produce anxiety, 
frustration, or confusion while performing a task or tasks. 
At low levels of stress, one feels relatively relaxed. As 
stress increases, confusion, anxiety, or frustration 
increase and greater concentration and determination are 
required to maintain control of the situations.
Stress Load Example
Stress load as opposed to time or mental effort load 
can be illustrated by an exam on which you have plenty of 
time and the questions are not overly difficult, but you 
forgot to study the chapter that is the basis of the first 
ten questions. When you realized what happened, you begin 
to worry about the rest of the test and your grade, you 
feel upset and anxious, and therefor add to the workload 
being imposed by the test items themselves. The stress or 
anxiety you feel is what we refer to as stress load. Stress 
may be rated on the three-point scale below.
1. Little confusion, risk, frustration, or anxiety 
exists and can be easily accommodated.
2. Moderate stress due to confusion, frustration, or 
anxiety noticeably adds to workload. Significant 
compensation is required to maintain adequate 
performance.
3. High to very intense stress due to confusion, 
frustration, or anxiety. High to extreme 
determination and self control required.
Each of the three dimensions just described contribute 
to workload during performance of a task or group of tasks. 
Note that although all three factors may be correlated, they 
need not be. For example, one can have many tasks to
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perform in the time available (high time load) but the tasks 
may require little concentration (low mental effort). 
Likewise, one can be anxious and frustrated (high stress) 
and have plenty of spare time between relatively simple 
tasks. Since the three dimensions contributing to workload 
are not necessarily correlated, please treat each dimension 
individually and give independent assessment of the time 
load, mental effort load, and stress load when you are asked 
to rate these dimensions.
One of the most important features of SWAT is its 
unique scoring system. SWAT uses a procedure to find 
separate scoring weights for each level of a dimension.
Then, it determines a distinctive workload scale for each 
person. This scaling system greatly improves the precision 
of the workload ratings you will give later.
In order to develop your individual scale, we need 
information from you regarding the amount of workload you 
feel is imposed by various combinations of the dimension 
described above. We get this information by having you rank 
order the workload associated with each of the combinations.
In order for you to rank order the workload for each of 
the combinations, you have been given a set of 27 cards with 
the combinations from each of the three dimensions. Each 
card contains a different combination of levels of Time 
load, Mental Effort load, and Psychological Stress load.
Your job is to sort the cards so that they are rank ordered 
according to the level of workload represented on each.
In completing your card sorts, please consider the 
workload imposed on a person by the combination represented 
in each card. Arrange the cards from the lowest workload 
condition through the highest condition. You may use any 
strategy you choose in rank ordering the cards. One 
strategy that proves useful is to arrange the cards into a 
number of preliminary stacks representing ’’High",
’’Moderate’’, and ’’Low’’ workload. Individual cards can be 
exchanged between stacks, if necessary, and then rank 
ordered within stacks. Stacks can then be recombined and 
checked to be sure that they represent your ranking of 
lowest to highest workload. However, the choice of strategy 
is up to you and you should choose the one that works best 
for you.
There is no "school solution" to this problem. There 
is no correct order. The correct order is what, in your 
judgement best describes the progression of workload from 
lowest to highest for a general case rather than any 
specific event. That judgement differs for each of us. The 
letters you see on the back of the cards are to allow us to
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arrange the cards in a previously randomized sequence so 
that everyone gets the same order. If you examine your deck 
you will see the order on the back runs from A through Z and 
then ZZ.
Please remember:
1. The card sort is being done so a workload scale may be 
developed for you. This scale will have a distinct workload 
value for each possible combination of Time Load, Mental 
Effort Load, and Psychological Stress Load.
TIME EFFORT STRESS WORKLOAD SCALE
1 1 1  0
3 3 3  100
2. When performing the card sort, use the descriptors 
printed on the cards. Please remember not to sort the cards 
based on a particular task such as flying an airplane).
Sort the cards according to your general view of workload 
and how important you consider the dimensions of time, 
mental effort and psychological stress load to be.
3. During the actual experiment, you will accomplish the 
desired task. Then, you will provide a SWAT score based on 
your opinion of the mental workload required to perform the 
task. This SWAT score will consist of one number from each 
of the three dimensions. For example a possible SWAT score 
is 1-2-2. This represents a 1 for Time Load, a 2 for Mental 
Effort Load, and a 2 for Psychological Stress Load.
4. We are not asking for your preference concerning Time, 
Mental Effort, and Psychological Stress Load . Some people 
may prefer to be '’busy*' rather than "Idle" in either the 
Time Load, Mental Effort Load, or Psychological Stress Load 
dimension. We are not concerned with this preference. We 
need information on how the three dimensions and the three 
levels of each one will affect the level of workload as you 
see it. You may prefer a 2-2-2 situation instead of a 1-1- 
1- situation. However, you should still realize that the 1- 
1- situation imposes less workload on you and leaves a
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greater reserve capacity.
From this point until you have completed the sorting 
procedure will probably take 30 minutes to an hour. Please 
feel free to ask questions at any time. Thank you for your 
cooperation.
APPENDIX D
EVALUATION OF SWAT
EASY DIFFICULT
The same scale was used for the TLX subjects.
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EVALUATION OF SWAT
DIFFICULT EASY
The same scale was used for the TLX subjects.
APPENDIX E:
WORKLOAD
Workload is a concept that has become increasingly important 
in modern technology. Mental workload refers to how hard you 
must work or concentrate to perform a task, and includes factors 
such as the attention and mental effort required by the task. 
Generally, it is believed that humans have a limited capability 
for performing mental work. If this capability is exceeded then 
errors or other performance breakdowns will result.
Research in workload is concerned with predicting and 
identifying situations in which operators of systems such as 
automobiles or aircraft may have the capability to perform mental 
work exceeded by a task. Here at the University of Dayton, we 
are investigating the use of rating scales to assess the workload 
associated with task performance. Rating scales are one of the 
most frequently used methods for workload assessment, and the 
information that we collect during this study can be of 
substantial importance to applications of this type of assessment 
technique. We therefore request your full cooperation and effort 
through the course of this study.
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APPENDIX F
MEMORY SEARCH TASK INSTRUCTIONS
This memory search task consists of two parts. In the 
first part of the task, you will be memorizing a small set 
of letters from the alphabet. This is called the "memory 
set." In the second part of the task, you will see a 
letter. Your task is to decide whether or not the letter is
one of the letters in the memory set. If a letter is one of 
the memory set items, you should press the "yes" key; if it 
is not one of the memory set items, you should press the 
"no" key. The object of the task is to respond to the 
letters as quickly as possible while keeping the number of
errors to a minimum.
The actual letters in the memory set will be different 
on each trial, so you will have to memorize a new set at the 
beginning of each trial. When you are sure that you know 
the memory set, you can start the second part of the task by 
pressing any of the keys. As soon as you do this, a letter 
will appear, and you should respond. You should respond as 
quickly as possible while maintaining an accuracy level of 
90% or better.
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APPENDIX G
Sternberg Memory Search Task Instructions 
Memory Set A F G M Z
A
Memory Set A F G M Z
B
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APPENDIX H:
TLX Subject Instructions For Rating Scales 
We are not only interested in assessing your
performance but also the experiences you had during the 
different task conditions. Right now we are going to 
describe the technique that will be used to examine your 
experiences. In the most general sense we are examining the 
"workload" you experienced. Workload is a difficult concept 
to define precisely, but a simple one to understand 
generally. The factors that influence your experience of 
workload may come form the task itself, your feelings about 
your own performance, how much effort you put in, or the 
stress and frustration you felt. The workload contributed 
by different task elements may change as you get more 
familiar with a task, perform easier or harder version of 
it, or more from one task to another. Physical components 
of workload are relatively easy to conceptualize and 
evaluate. However, the mental component of workload may be 
more difficult to measure.
Since workload is something that is experienced 
individually by each person, there are no effective "rulers"
that can be used to estimate the workload of different
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activities. One way to find out about workload is to ask 
people to describe the feelings they experienced. Because 
workload may be caused by many different factors, we would 
like you to evaluate several of them individually rather 
than lumping them into a single global evaluation of overall 
workload. This set of six rating scales was developed for 
you to use in evaluating your experiences during different 
tasks. Please read the descriptions of the scales 
carefully. If you have a question about any of the scales 
in the table, please ask me about it. It is extremely 
important that they be clear to you. You may keep the 
descriptions with you for reference during the experiment.
After performing each of the tasks, you will be given a 
sheet of rating scales. You will evaluate the task by 
putting an "X" on each of the six scales at the point 
which matches your experience. Each line has two endpoint 
descriptors that describe the scale. Note that "own 
performance" goes from "good" on the left to "bad" on the 
right. This order has been confusing for some people.
Please consider your responses carefully in distinguishing 
among the different task conditions. Consider each scale 
individually. Your rating will play an important role in 
the evaluation being conducted, thus, your active 
participation is essential to the success of this experiment 
and is greatly appreciated by all of us.
APPENDIX I
Subject Instructions: Sources-Of-Workload Evaluation 
Throughout this experiment the rating scales are used
to assess your experiences in the different task conditions 
Scales of this sort are extremely useful, but their utility 
suffers from the tendency people have to interpret them in 
individual ways. For example, some people feel that mental 
or temporal demands are the essential aspects of workload 
regardless of the effort they expended on a given task or 
the level of performance they achieved. Others feel that if 
they performed well the workload must have been low and if 
they performed badly it must have been high. Yet others 
feel that effort or feelings of frustration are the most 
important factors in workload: and so on. The results of 
previous studies have already found every conceivable 
pattern of values. In addition the factors that create 
levels of workload differ depending on the task. For 
example, some task might be difficult because they must be 
completed very quickly. Others may seem easy or hard 
because of the intensity of mental or physical effort 
required. Yet others feel difficult because they cannot be 
performed well, no matter how much effort is expended.
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The evaluation you are about to perform is a technique 
that has been developed by NASA to assess the relative 
importance of six factors in determining how much workload 
you experienced. The procedure is simple: You will be 
presented with a series of pairs of rating scale titles (for 
example, Effort vs. Mental Demands) and asked to choose 
which of the items was more important to your experience of 
workload in the task(s) that you just performed. Each pair 
of scale titles will appear on a separate card.
Circle the Scale Title that represents the more 
important contributor to workload for the specific task(s)
you performed in this experiment.
After you have finished the entire series we will be 
able to use the patter of your choices to create a weighted 
combination of the ratings from that task into a summary 
workload score. Please consider your choices carefully and 
make them consistent with how you used the rating scales 
during the particular task you were asked to evaluate.
Don't think that there is any correct pattern: we are only 
interested in your opinions.
If you have any questions, please ask them now. 
Otherwise, start whenever you are ready. Thank you for your 
participation.
APPENDIX J
DEBRIEFING
The purpose of the present study is to measure the 
effects of time delays on subjective ratings of mental 
workload. Mental workload refers to the amount of 
information that must be processed in a limited time by a 
person. Subjective measures of workload have been developed 
to permit the study of workload in systems such as airplanes
and automobiles.
Studies like the present one are important in deciding 
whether or not this technique can be used during certain 
real-world applications that involve a delay between 
performance of a task and its workload rating.
The task you just performed is called a Sternberg 
memory task. It was made up of three levels of difficulty. 
The low condition consisted of a memory set size of 2 and is 
expected to have the lowest workload ratings. The medium 
condition had a memory set size of 4 and is expected to have 
medium workload ratings. The high condition contained a 
memory set size of 6 and is presumed to have the highest 
workload ratings. The ratings were obtained either 
immediately following the memory task or after a 15 minute
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delay period. The purpose of the memory task during the 15 
minute delay period was to see if it would interfere with 
delayed workload ratings. As experimenters we are 
interested in how this delay or non-delay of ratings will 
affect results.
APPENDICES K
TABLE K-l: Mean Percent Correct Responses As a Function of 
Memory Set Size and Delay Condition
SWAT
Ss M-Set
21
M-Set M-Set M-Set M-Set M-Set Mean SD
41 61 2D 4D 6D
1 0.95 0.90 0.80 1.00 0.95 0.90 0.91 0.06
2 1.00 1.00 0.95 1.00 1.00 1.00 0.99 0.01
3 1.00 1.00 0.95 0.95 1.00 1.00 0.98 0.02
4 0.90 0.95 0.85 1.00 0.95 0.90 0.93 0.05
5 1.00 1.00 1.00 0.95 1.00 1.00 0.99 0.02
6 1.00 1.00 0.90 1.00 0.95 1.00 0.97 0.04
7 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00
8 1.00 1.00 0.95 1.00 1.00 1.00 0.99 0.02
9 1.00 1.00 0.95 1.00 1.00 0.95 0.98 0.02
10 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00
11 1.00 1.00 1.00 1.00 0.95 1.00 0.99 0.02
12 1.00 0.95 0.90 1.00 0.95 0.95 0.96 0.03
Mean 0.99 0.98 0.94 0.99 0.98 0.98 0.98
SD 0.03 0.03 0.06 0.02 0.024 0.04
Ss = Subject
M-Set 21 = Memory Set Size 2, Immediate
M-Set 41 = Memory Set Size 4, Immediate
M-Set 61 = Memory Set Size 6, Immediate
M-Set 2D = Memory Set Size 2, Delay
M-Set 4D = Memory Set Size 4, Delay
M-Set 6D = Memory Set Size 6, Delay
SD = Standard Deviation
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TABLE K-l: Mean Percent Correct Responses As a Function of 
Memory Set Size and Delay Condition Continued
TLX
Ss M-Set M-Set M-Set M-Set M-Set M-Set Mean SD
1
21
1.00
41
0.95
61
0.95
2D
1.00
4D
1.00
6D
1.00 0.98 0.02
2 1.00 1.00 0.95 1.00 0.95 0.95 0.97 0.03
3 1.00 1.00 0.95 1.00 1.00 1.00 0.99 0.02
4 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00
5 0.95 1.00 1.00 1.00 0.95 1.00 0.95 0.02
6 1.00 1.00 0.90 1.00 1.00 0.95 0.98 0.04
7 1.00 1.00 0.95 1.00 1.00 0.90 0.98 0.04
8 0.95 1.00 0.85 1.00 1.00 0.80 0.98 0.08
9 1.00 0.95 0.95 1.00 1.00 0.85 0.93 0.05
10 0.95 1.00 1.00 1.00 0.95 0.90 0.97 0.04
11 1.00 1.00 1.00 1.00 0.90 0.95 0.98 0.04
12 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00
Mean 0.99 0.99 0.96 1.00 0.98 0.94 0.98
SD 0.02 0.02 0.04 0.00 0.03 0.06
Ss = Subject
M-Set 21 = Memory Set Size 2, Immediate
M-Set 41 = Memory Set Size 4, Immediate
M-Set 61 = Memory Set Size 6, Immediate
M-Set 2D = Memory Set Size 2, Delay
M-Set 4D = Memory Set Size 4, Delay
M-Set 6D = Memory Set Size 6, Delay
SD = Standard Deviation
Table K-2: ANOVA Summary Table: Performance Data Mean 
Percent Correct
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PERFORMANCE DATA MEAN PERCENT CORRECT
F B i nSource of Variance DF SS MS
Between
Rating Scale (R) 1 .0017 .0017 0.59 . 4500
Ss/R 22 .0744 .0034
Within
M-set (M) 2 .0170 .0085 6.16 .0044
Ss/M 44 .0688 .0016
Delay (D) 1 .0004 .0004 0.51 .4826
Ss/D 22 .0187 .0009
M X D 2 .0025 .0013 1.84 .1710
M X Ss/D 44 .0303 .0007
M X R 2 .0059 .0029 2.12 .1322
R X Ss/M 44 .0656 .0014
D X R 1 .0029 .0029 3.45 .0767
R X Ss/D 22 .0187 .0009
M X D X R 2 .0063 .0031 4.56 .0159
D X Ss/M 44 .0303 .0006
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Table K-3: ANOVA Summary Table: 
and SWAT Groups
Sternberg Accuracy For TLX
EE S3. MS F PlEl
TLX
M-Set (M) 2 .0259 .0130 6.46 .0062
Ss/M 22 .0441 .0020
Delay (D) 1 .0006 .0006 0.71 .4175
Ss/D 11 .0086 .0008
D X M 2 .0030 .0015 1.61 .2217
M X Ss/D 22 .0203 .0009
SWAT
M-Set (M) 2 .0144 .0072 6.43 .0063
Ss/M 22 .0247 .0011
Delay (D) 1 .0028 .0028 3.06 .1080
Ss/D 11 .0101
D X M 2 .0058 .0029 6.42 .0064
M X Ss/D 22 .0100 .0005
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47
68
91
60
74
71
65
26
86
21
03
Table K-4: Mean Reaction Time As a Function of Memory Set 
Size and Delay
SWAT
Ss M-Set
2I_
M-Set
4I_
M-Set
6I_
M-Set
2D
M-Set
4D
M-Set
6D
MEAN !3D
1 462.45 608.80 663.05 469.20 513.05 712.50 571.51 96.
2 501.30 669.90 700.70 562.45 657.35 638.75 621.74 68.
3 695.20 776.65 743.45 472.70 729.90 899.40 719.53 127 .
4 815.70 728.00 787.85 588.95 605.50 862.15 731.22 102 .
5 695.20 541.35 746.50 647.20 632.85 662.85 654.33 62.
6 539.25 556.05 873.05 699.50 699.50 776.15 690.58 116.
7 551.20 795.60 769.05 667.05 725.45 1013.50 753.64 140.
8 463.30 485.00 709.30 495.25 586.40 504.30 540.59 84.
9 447.05 499.20 570.45 409.80 487.50 549.80 493.97 55.
10 479.00 534.35 634.25 439.20 561.30 662.00 551.68 78 .
11 494.60 560.40 711.00 487.80 576.45 786.50 602.79 110.
12 528.50 704.50 615.00 570.30 621.40 624.60 610.72 54.
M 556.06 621.65 710.30 542.45 616.39 724.38 628.54
SD 111.49 104.38 79.11 90.46 74.50 142.53
Ss = Subject
M-Set 21 = Memory Set Size 2, Immediate
M-Set 41 = Memory Set Size 4, Immediate
M-Set 61 = Memory Set Size 6, Immediate
M-Set 2D = Memory Set Size 2, Delay
M-Set 4D = Memory Set Size 4, Delay
M-Set 6D = Memory Set Size 6, Delay
M = Mean
SD = Standard Deviation
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Table K-4: Mean Reaction Time As a Function of Memory Set 
Size and Delay Continued
TLX
Ss M-Set
2_i
M-Set
41
M-Set
61
M-Set
2D
M-Set
4D
M-Set
6D
MEAN SD
1 523.05 516.05 610.50 443.75 571.60 533.10 533.01 51.39
2 533.70 596.25 840.50 651.65 675.95 754.20 675.38 100.31
3 786.25 1010.20 676.15 613.55 731.55 792.80 768.42 124.65
4 560.35 602.20 676.15 529.00 626.55 740.10 622.39 70.41
5 517.30 671.75 892.25 506.65 709.55 600.90 649.33 131.20
6 544.05 560.95 622.30 544.05 516.05 618.60 567.67 39.59
7 510.60 637.15 866.70 610.75 670.90 863.30 693.23 130.90
8 574.45 546.55 591.65 485.80 625.20 673.40 582.84 58.99
9 501.15 674.40 803.45 486.35 701.80 650.50 636.28 111.53
10 558.70 588.15 741.65 473.15 689.70 816.30 644.61 116.11
11 484.90 624.60 739.30 534.00 675.80 819.50 646.35 114.49
12 482.70 526.50 539.75 463.90 534.55 588.10 522.58 40.37
M 548.10 629.56 716.70 528.55 644.10 704.23 628.54
SD 77.11 125.46 110.96 60.40 66.51 93.15
Ss = Subject
M-Set 21 = Memory Set Size 2, Immediate
M-Set 41 = Memory Set Size 4, Immediate
M-Set 61 = Memory Set Size 6, Immediate
M-Set 2D = Memory Set Size 2, Delay
M-Set 4D = Memory Set Size 4, Delay
M-Set 6D = Memory Set Size 6, Delay
M = Mean
SD = Standard Deviation
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Table K-5: ANOVA Summary Table: Sternberg Reaction Time
PERFORMANCE DATA MEAN RESPONSE TIME
Source of Variance £F SS MS £ p(F)
Between
Rating Scale (R) 1 0.00 0.000 0.00 .9990
Ss/R 22 769582.98 34981.045
Within
M-set (M) 2 694536.96 347268.480 57.60 .0001
Ss/M 44 265281.86 6029.133
Delay (D) 1 496.36 496.36 0.12 .7278
Ss/D 22 87889.50 3994.98 •
M X D 2 3068.73 1534.37 0.24 .7848
D X Ss/M 44 277075.90 6297.18
M X R 2 5808.52 2904.62 0.48 .6209
R X Ss/M 44 265281.85 6029.13
D X R 1 160.55 160.55 0.04 .8430
R X Ss/D 22 87889.50 3994.98
M X D X R 2 3233.39 1616.69 0.26 .7747
D X Ss/M 44 277075.90 6297.18
APPENDICES L
Table L-l: Correlation of Each Subject’s Card 
Ordering With Major SWAT Prototype Orderings
SUBJECT
NUMBER TES TSE
PROTOTYPE 
ETS EST SET STE
1 .43 .60 .30 .43 .96 1.00
2 .91 .84 .78 .66 .45 .50
3 .41 .27 .95 1.00 .60 .42
4 1.00 .96 .60 .42 .29 .43
5 .30 .43 .43 . 60 1.00 .96
6 .72 .75 .62 . 61 . 68 .72
7 . 92 .95 .57 .48 .57 .68
8 .51 .50 .79 .87 .83 .74
9 .58 .55 .80 .85 .75 .68
10 .42 .60 .31 .44 .96 1.00
11 1.00 . 96 .60 .43 .30 .43
12 .72 .73 .75 .77 .81 .80
(Note: TES,
six possible
TSE, ETS, 
prototype
EST, SET 
groups.
STE,
)
represent the
Sort
SUGGESTED
PROTOTYPE
S
T
E
T
S
T
T
E
E
S
T
S
S = Stress 
T = Time 
E = Effort
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Table L-2: Summary of Axiom Test Violations
TIME GROUP
INDEPENDENCE
T INDEPENDENT OF E AND S = 0 FAILURES OUT OF 108 TESTS
E INDEPENDENT OF T AND S = 8 FAILURES OUT OF 108 TESTS
S INDEPENDENT OF T AND E = 0 FAILURES OUT OF 108 TESTS
DOUBLE CANCELLATION
DOUBLE CANCELLATION IN T X E = 0 FAILURES OUT OF 3 TESTS
DOUBLE CANCELLATION IN E X S = 1 FAILURES OUT OF 2 TESTS
DOUBLE CANCELLATION IN S X T = 0 FAILURES OUT OF 3 TESTS
JOINT INDEPENDENCE
T X E INDEPENDENT OF S = 6 FAILURES OUT OF 108 TESTS
E X S INDEPENDENT OF T = 12 FAILURES OUT OF 108 TESTS
S X T INDEPENDENT OF E = 0 FAILURES OUT OF 108 TESTS
PSYCHOLOGICAL STRESS GROUP
INDEPENDENCE
T INDEPENDENT OF E AND S = 0 FAILURES OUT OF 108 TESTS
E INDEPENDENT OF T AND S = 0 FAILURES OUT OF 108 TESTS
S INDEPENDENT OF T AND E = 0 FAILURES OUT OF 108 TESTS
DOUBLE CANCELLATION
DOUBLE CANCELLATION IN T X E = 0 FAILURES OUT OF 2 TESTS
DOUBLE CANCELLATION IN E X S = 0 FAILURES OUT OF 3 TESTS
DOUBLE CANCELLATION IN S X T = 0 FAILURES OUT OF 3 TESTS
JOINT INDEPENDENCE
T x E INDEPENDENT OF S = 8 FAILURES OUT OF 108 TESTS 
E x S INDEPENDENT OF T = 0 FAILURES OUT OF 108 TESTS 
S x T INDEPENDENT OF E = 0 FAILURES OUT OF 108 TESTS
NOTE
T - Time Load Dimension 
E - Effort Load Dimension 
S - Stress Load Dimension
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Table L-2 Continued
MENTAL EFFORT
INDEPENDENCE
T INDEPENDENT OF E AND S = 20 FAILURES OUT OF 108 TESTS
E INDEPENDENT OF T AND S = 0 FAILURES OUT OF 108 TESTS
S INDEPENDENT OF T AND E = 0 FAILURES OUT OF 108 TESTS
DOUBLE CANCELLATION
DOUBLE CANCELLATION IN T X E = 0 FAILURES OUT OF 3 TESTS 
DOUBLE CANCELLATION IN E X S = 0 FAILURES OUT OF 3 TESTS 
DOUBLE CANCELLATION IN S x T = 0 FAILURES OUT OF 3 TESTS
JOINT INDEPENDENCE
T x E INDEPENDENT OF S = 2 FAILURES OUT OF 108 TESTS
E x S INDEPENDENT OF T = 6 FAILURES OUT OF 108 TESTS
S X T INDEPENDENT OF E = 10 FAILURES OUT OF 108 TESTS
NOTE "" "" "
T - Time Load Dimension
E - Effort Load Dimension
S - Stress Load Dimension
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Table L-3a: Time Group: Rescaled Interval Values
TIME GROUP
SCALING SOLUTIONS
SWAT LEVELS RESCAL
CARD T E S VALUE
N 1 1 1 0.0
B 1 1 2 10.8
W 1 1 3 22.3
F 1 2 1 15.0
J 1 2 2 25.8
C 1 2 3 37.3
X 1 3 1 20.1
s 1 3 2 30.9
M 1 3 3 42.4
u 2 1 1 24.8
G 2 1 2 35.7
Z 2 1 3 47.1
V 2 2 1 39.8
Q 2 2 2 50.7
zz 2 2 3 62.1
K 2 3 1 44.9
E 2 3 2 55.8
R 2 3 3 67.2
H 3 1 1 57.6
P 3 1 2 68.4
D 3 1 3 79.9
Y 3 2 1 72.6
A 3 2 2 83.4
0 3 2 3 94.9
L 3 3 1 77.7
T 3 3 2 88.5
I 3 3 3 100.0
LEVELS
T - Time Load Dimension 
E - Effort Load Dimension 
S - Stress Load Dimension
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Table L-3b: Effort Group: Rescaled Interval Values
EFFORT GROUP
SCALING SOLUTIONS
SWAT LEVELS RESCALED
CARD T E S VALUE
N 1 1 1 0.0
B 1 1 2 16.8
W 1 1 3 31.5
F 1 2 1 33.9
J 1 2 2 50.7
C 1 2 3 65.5
X 1 3 1 53.9
s 1 3 2 70.7
M 1 3 3 85.5
U 2 1 1 5.3
G 2 1 2 22.1
Z 2 1 3 36.8
V 2 2 1 39.2
Q 2 2 2 56.0
ZZ 2 2 3 70.8
K 2 3 1 59.2
E 2 3 2 76.0
R 2 3 3 90.8
H 3 1 1 14.5
P 3 1 2 31.3
D 3 1 3 46.1
Y 3 2 1 48.5
A 3 2 2 65.2
0 3 2 3 80.0
L 3 3 1 68.5
T 3 3 2 85.0
I 3 3 3 100.0
LEVELS:
T - Time Load Dimension 
E - Effort Load Dimension 
S - Stress Load Dimension
99
Table L-3c: Stress Group: Rescaled Interval Values
STRESS GROUP 
SCALING SOLUTIONS
SWAT LEVELS RESCALED
CARD T E S VALUE
N 1 1 1 0.0
B 1 1 2 31.0
W 1 1 3 59.8
F 1 2  1 11.5
J 1 2  2 42.5
C 1 2  3 71.3
X 1 3  1 21.9
s 1 3  2 52.9
M 1 3  3 81.7
U 2 1 1 11.0
G 2 1 2 42.0
Z 2 1 3 70.8
V 2 2 1 22.5
Q 2 2 2 53.5
zz 2 2 3 82.3
K 2 3 1 32.8
E 2 3 2 63.9
R 2 3 3 92.7
H 3 1 1 18.3
P 3 1 2 49.3
D 3 1 3 78.1
y 3 2 1 29.8
A 3 2 2 60.8
0 3 2 3 89.6
L 3 3 1 40.2
T 3 3 2 71.2
I 3 3 3 100.0
LEVELS
T - Time Load Dimension 
E - Effort Load Dimension 
S - Stress Load Dimension
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Table L-4: ANOVA Summary for SHAT Rating Scale
DF S§. MS £ E. (P)
SWAT
M-Set (M) 2 18297.28 9148.64 21.32 .0001
Ss/M 22 9442.47 429.20
Delay (D) 1 285.61 285.61 4.10 .0680
Ss/D 11 672.71 61.16
D X M 2 524.85 262.43 1.57 .2302
D X Ss/M 22 3673.96 167.00
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:n
m.
3
4
1
4
5
3
5
2
3
3
3
5
TLX Paired Comparison Weightings
PHYSICAL TEMPORAL 
DEMAND DEMAND
PERFORMANCE EFFORT FRUSTRATION
0
0
0
0
0
0
0
0
1
0
0
1
5
2
4
2
4
4 
2
5 
2 
2 
3 
3
4
5 
2 
3 
1 
1
3
4
5
4
5 
2
1
3
3 
5 
2 
5
4 
1 
0 
4 
1 
4
2
1
5
1
3
2
1
3
4 
2 
3 
0
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TLX
Table L-6: ANOVA Summary for TLX Rating Scale
DF SS MS F 2. (F)
M-Set (M) 2 1454.33 727.17 16.29 .0001
Ss/M 22 982.33 44.65
Delay (D) 1 10.13 10.13 0.17 .6919
Ss/D 11 672.71 61.16
D X M 2 264.33 132.17 3.53 .0469
D X Ss/M 22 824.33 37.47
APPENDIX M
Table M-l: ANOVA Summary Table: For Scale Development and Scale 
Use
DF ss MS F E. (F)
Workload Scale (WS) 1 4108.17 4108.17 9.99. .0045
Ss/WS 11 9046.33 411.20
Phase (P) 1 3072.00 3072.00 13.12 .0015
Ss/P 22 7841.91 356.45
WS X P 1 1140.75 1140.75 4.87 .0380
P X Ss/WS 22 5150.25 234.10
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